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Robert Koch. (December 11, 1843-May 27, 1910.) The Father of 
the Modern Science of Tuberculosis. (Illustrated.) 
By 8. ADOLPHUS Knopr, M. D. 


Paul Ehrlich, possibly the greatest mind in modern medical 
Germany, certainly the most prolific investigator in those 
fields of Medical Science in which his path has lain, said when 
Koch died that our entire knowledge of the infectious diseases 
and the various related branches of learning rests upon the 
foundations which he established ; that he devised the methods 
which gave science the posibility of solving the problems in 
immunity on an exact experimental basis, the problems of 
immunity which Pasteur for the first time freed from the con- 
fusion of pure empiricism: and that even in the realm of ex- 
perimental therapy Koch holds the first place, since he taught 
the world how to transmit the infectious diseases artificially 
from animal to animal, thus enabling us to apply therapeutic 
measures experimentally. 

This praise by Ehrlich seems at first an extravagant tribute 
of admiration for a devoted friend and an honored colleague ; 
but when we remember that every well-trained physician and 
surgeon of the present generation uses in his daily work the 
knowledge which came from the investigations of Koch; that 
every properly organized medical school and hospital has a 
laboratory founded on the methods which Koch devised and 
the apparatus which he invented; that every municipality in 
the fight against the great pestilences of the world, cholera, 
tuberculosis, typhoid fever, diphtheria, and in the efforts to 
provide for its citizens milk, water, and food which cannot 
serve as the vehicle of infection, depends for its preventive 
measures upon the doctrines which Koch proved; when we re- 
flect that all modern bacteriology has been made possible by 
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the discoveries of Robert Koch, then we are minded to regard 
Khrlich’s tribute as expressing even less than the truth. 

Let us inquire into the circumstances of Koch’s life and 
study for a moment his early publications to try and determine 
why he oceupies such a pre-eminent place in medical science. 
Robert Koch was born in Klausthal in the province of Hanover 
on December 11, 1845. According to Gatfky, who has given 
us the most intimate account of his teacher and predecessor 
at the Institut fiir Infecklions-Krankheiten, Koch’s family 
had lived in Klausthal for a number of generations, and had 
heen for some years in the employ of the government. His 
father was a man of considerable scientific attainment, whose 
reputation spread beyond the little district in which his activi- 
ties were centered, and who was honored by the Prussian gov- 
ernment with the title of Bergrath, or as we may say expert 
mining engineer. Koch himself was one of thirteen children, 
two daughters and eleven sons. Two brothers dying in infancy 
left him among the eldest of the sons. His mother was a hard- 
working woman, whose domestic cares and responsibilities pre- 
vented her from devoting much attention to the rearing of her 
numerous progeny, and his father from the nature of his work 
was compelled to absent himself from the home for much of 
his time. Koch was thus left to grow up in a crowd of wild 
and untrained boys. He attended the Klausthal Gymnasium, 
in which, contemporary accounts tell us, the instruction was 
poor and discipline lax. He took an active part in the school 
life, was an excellent athlete, was a member of a school society 


known as Concordia, and sang, but without great success, in 
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a choral union, or as we would express it, was a member 
of the Glee Club. During his school life his chief outside 
occupation was with his father, whom he accompanied on long 
rides and walks over the hills and valleys of the surrounding 
Harz country. He early showed a passion for natural science 
and made numerous collections of minerals, plants, and small 
animals. His reading along the lines of seology, Z00log\ and 
hotany was extensive and during his entire life and work he 
kept up this active interest in the branches of learning collat- 
eral to the science of medicine. Koch thus enjoved in his early 
youth the free out-door life of a boy brought up in the country, 
developing a rugged physique and great powers of endurance. 

He was intended by his father for a merchant, the rapidly 
growing commercial cities of northern Germany like Hamburg 
and Bremen with their world-wide commerce offering the sons 
of Government officials peculiar advantages for a practical ca- 
reer. About the vear 1860, however, the worldly condition of 
the father was greatly improved—we do not know the exact 
source of this enhancement of income—and he was enable 
to offer the son a University training. We thus find Koch in 
1862 leaving the Klausthal Gymnasium, wending his way to 
Gottingen and entering upon the study of medicine. His idea 
at that time seems to have been to train himself to be a ship- 
surgeon. 

At the time Koch entered the University of Gottingen the 
faculty there included a number of men who left their marks 
on science. The senior among them was the chemist Friedrich 
Woehler, who in 1828 had accomplished the synthesis of urea. 
Others were the pathologist Wilhelm Krause and the physiolo- 
vist George Meissner. By far the most important man in 
Gottingen, however, was the anatomist Jacob Henle, whose 
scientific work and mental grasp were so wide that his writings 
covered the field of physiology and pathology as well as an- 
atomy. It is interesting and important to note that Koch came 
into intimate relationship with Henle, who evidently made a 
strong impression upon him. 

In the year 1865, the medical faculty offered a prize for the 
best dissertation upon the structure of the uterine nerves. In 
the competition which resulted, two prizes were awarded, one 
to Robert Koch for a thesis which bore the title Ueber das 
Vorkommen von Ganglienzellen an den Nerven des Uterus 
and was inscribed with the Latin motto, Nunquam otiosus; a 
second prize going to a fellow-landsman of Koch’s, Adolf Polle. 
Four weeks later, on July 18, 1865, Koch was appointed assist- 
ant in the Pathological Museum of which Krause was the 
director. This appointment offered him the opportunity of 
acquiring a thorough training in pathological and microscopi- 
cal technique, a training which gave him afterwards the ability 
to guide his early footsteps groping in the dark maze of 
microorganisms by the true light of pathological anatomy. At 
the same time that Koch served as assistant in pathology he 
was engaged in original work in the Physiological Institute 
under the direction of Meissner. He made a study of the ex- 
cretion of suecinie acid in animals fed exclusively on meat and 


fat. Koch was unwilling to limit his observations to the lower 


animals but endeavored to work out the problem by making 
himself the subject of experimentation. He ate half a pound 
of butter daily and estimated his output of succinic aeid. Un- 
fortunately he undertook these experiments in the hot days of 
summer and after five administrations of this fat-rich diet, 
his stomach revolted, he developed a violent attack of gastric 
catarrh and was compelled to finish his work upon the less sen- 
sitive animals. 

In January, 1866, Koch finished his academic career, passing 
the eramen rigorosum with the mark eximia cum laude and 
three davs later was given his doctor’s degree on which ocea- 
sion he delivered in Latin an address on the subject “ Suecinie 
Acid in the Human Body.” Owing probably to his previous 
thesis on the ganglion cells of the uterus, he was not compelled 
to present a thesis on taking his degree. In March of the same 
year Koch passed the state examination in Hanover, having 
spent the intervening time in postgraduate study in Berlin. He 
then became an assistant in the General Hospital in Hamburg 
for a short term of three months and in October took a place 
as pliysician to the Asylum for Idiots in Langenhagen near 
the city of Ilanover, where he remained until July, 1868. He 
practiced for a short time in the little town of Niemegk but in 
1869 moved to Rakwitz in the Province of Posen. From Rak- 
witz he enlisted as a surgeon in the Franco-Prussian War and 
after his return in 1872 secured the position of A rets-physicus 
or district physician in the town of Wollstein. 

Here in Wollstein Koch remained for years busily engaged 
in a general country practice of medicine. He was forced 
to take long rides over rough country roads by day and by 
night, and minister to the needs of a people in the humblest 
circumstances. He was out of touch with University affairs 
which he loved. He was outside the circle of intellectual ac- 
tivity, the stimulus to great endeavor. And vet from the time 
of Koch’s arrival in Wollstein, we know that he occupied him- 
self unceasingly in attempts to solve the most important ques- 
tions in medicine of his day and generation. We know that he 
fitted up for himself a laboratory, setting aside a portion of 
his consulting room for this purpose. We know that im- 
mediately after his arrival there he purchased a new micro- 
scope and a microtome and that in his improvised laboratory 
he installed a piece of apparatus, the use of which he had 
learned in the Physiological Institute at Géttingen, an incuba- 
tor or thermostat which could be kept at the body temperature. 
We know that Koch devoted all his spare time to the study of a 
disease of animals widely spread in the district where he lived, 
anthrax or splenic fever, and that he carried out all sorts of 
experiments in his study of this disease. We do not know why 
Koch did not lapse into the respectable mediocrity which his 
position in life and his professional attainments made for him 
the line of least resistance. Something of his youth, when his 
chief pleasure was the amateur collection and dissection of 
plants and animals, something of the influences with which he 
was surrounded in the years at Géttingen, possibly the inspira- 
tion of his teacher and mzster Henle, something it was which 


kept Robert Koch from degenerating. Something kept his 
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fingers busy with slides and coverslips, his eves glued to the 
microscope in all the spare hours which he could snatch from 
the exacting duties of a country practice. During the first 
four years of this period Koch seems to have said nothing of 
his work and only in the vear 1876 when he was thirty-three 
years old, and ten years after his graduation from Géttingen 
did any inkling of his results reach the scientific world. 

To understand the significance of Koch's first publication 


we must glance for a moment at the bacteriological work which 
preceded it. Por 100 years after the discovery of the micro- 
scope by Athanasius Kircher and the improvement in lenses 
by Leeuwenhoek, which revealed to the astonished eve the 
countiess structures belonging to a finer world, the attention of 
investigators was centered upon these minute bodics and specu- 
lation was rife as to the possible réle they might play in nature. 
So confused were the ideas of scientists, nevertheless, and so 
puzzling were the findings of the microscope that the great 
botanist Linnawus grouped all the microscopic living forms 
under one division which he named * chaos.” Gradually, how- 
ever, more and more definite conclusions could be drawn from 
the many observations. Plenciz, for instance, in an accurate 
analysis of the symptoms of disease brought forward convine- 
ing arguments for the doctrine of “ contagium vivum.” Spal- 


lanzani and later Schultze pointed out that the development 
of living organisms was the cause of putrefaction and Miller 
and Ehrenberg by exact morphological studies demonstrated 
the existence of constant differences in the various bodies seen 
with the microscope. The year 1837 was especially fruitful in 
observations of permanent scientific value. In this year Donné 
deseribed for the first time living microorganisms in patholog- 
ical conditions. In pus from a syphilitic chancre he found 
minute forms which he termed vibrios, and with material con- 
taining these vibrios he inoculated the skin of the thigh in 
some of his patients. On the following day he noted the ap- 
pearance of a typical pustule containing a sero-purulent fluid 
in which vibrios like the original were to be found. Despite 
the fact that Donné obtained these vibrios from cases of typical 
syphilis, and showed that they contained infectious material, 
he was not convinced that they were the cause of the disease. 
In Paris, in 1844, he announced that the vibrios previously 
seen were in all probability accidentally present on the surface 
of the chanere. In the year 1837 also Cagniard-Latour and 
Schwann each made independently the observation that the 
small round bodies first found by Leeuwenhoek in beer and 
wine could be seen to increase and multiply step by step as the 
fermentation of the beer and wine advanced. They suggested 
that these bodies were minute plants and the cause of the fer- 
mentation, Turpin later giving them the name T'orula cere- 
visiw. The idea that disease and fermentation were similar 
processes was by no means new to medicine and if the one 
were due to the growth of microorganisms, the other might 
also be due to this factor. In the year 1837, we thus have the 
first clear formulation of the germ theory of disease which 


rested upon any definite observations. This year also saw ti 


discovery by Bassi that muscardine, the contagious disease of 
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the silk-worm was caused by a minute plant, a discovery which 
gave instant confirmation to the theories of Latour and 
Schwann. Soon all sorts of microscopic forms were described 
in diseased conditions and their etiological relationship to these 
conditions accepted without question, but the resulting confus- 
ion was so great and the bar to further progress so strong that 
Jacob Henle, then a Privat-docent in the University of Berlin, 
was stimulated to challenge the claims of the many investiga- 
tors who attributed disease to bacteria, In 1840 in his Patho- 
logische Untersuchungen, in an essay entitled Von den Mias- 
men und Contagien und von den miasmatisch-contagiosen 
Krankheiten, he called attention to the various conditions 
which had to be established in order to show that bacteria were 
the cause of disease. “ Before microscopic forms,” said Henle, 
‘can be regarded as the cause of contagion in man they must 
be found constantly in the contagious material, they must be 
isolated from it and their strength tested.” The postulates of 
Henle seem so near the truth as we see it today, that we are apt 
to transfer them directly from the science of 1840 to the 
science of 1900, forgetting that the state of knowledge at the 
time Henle wrote could give him no adequate conception of 
the morphological and physiological properties of bacteria as 
at present understood. 

Nevertheless the rigid proof demanded by Henle, made the 
most profound impression upon the thought of his day. The 
wild and reckless speculation ceased. Fortunately the work 
went on and the observations continued. During the next 
decade a host of parasites was described, many of them be- 
longing, we now know, to the higher fungi, and to this period 
we owe such terms as oidium, aspergillus, trichophyton, and 
leptothrix, 

In the vear 1857 Pasteur following the lead of Spallanzani 
and Schultze, by his demonstration of the special resistance to 
heat of certain bacterial structures which we now recognize as 
spores, dispelled from the world the fascinating doctrine of 
spontaneous generation. Ile next showed that as Latour and 
Schwann had taught for beer and wine, the fermentation which 
resulted in lactic, acetic, and buty ric acid was also occasioned 
by microorganisms which differed from each other in morpho- 
logical and biological characteristics and that the diseases of 
wine and beer were accompanied by other forms than those 
found under normal conditions. He thus established on a firm 
basis the doctrine of the existence of definite kinds of micro- 
organisms having definite physiological properties. Pasteur, 
however, was interested largely in the study of microscopic 
orgnisms in bulk, and in determining the effects brought 
about by the development of these organisms under different 
conditions. He had little or no interest in morphological 
studies and the necessity of obtaining pure cultures and of 
studying the action of isolated species apparently was not 
clearly faced by him. 

These observations upon fermentation were confirmed almost 
at once, but in an indirect way, by the apothecary Lemaire who 
for years had busied himself with the study of carbolie acid. 


Lemaire showed that the addition of minute traces of this acid 
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to fluids fermenting from the development of microorganisms 
stopped this action while the addition of the same material to 
solutions containing diastase or similar substances was with- 
out effect. 
development of the living plants but could not stop the chemi- 


The carbolic, according to Lemaire, inhibited the 


cal changes superinduced by the presence of the true ferments. 
The importance of this observation did not escape Lemaire, who 
suggested that the suppuration of wounds might be prevented 
also by the addition of carbolic acid, if the suppuration were 
really due to living parasites. Shortly after, the brilliant 
young English surgeon, Joseph Lister, thoroughly imbued 
with Pasteur’s ideas on fermentation and its relation to cis- 
ease, began his wonderful experiments upon the healing of 
wounds. He seems to have been unfamiliar with Lemaire’s 
observations, gaining his first idea as to the efficacy of carbolic 
acid in the destruction of microorganisms from the work 
which was done with this acid in the disposal of sewage near 
the little town of 
means of which he developed his antiseptic technique, form one 


Carlisle. The observations of Lister, by 
of the great chapters in surgery as well as in bacteriology and 
we all know how far-reaching the influence of this work has 
been. Lister was actuated in his experiments, however, mainly 
by the idea that the poisonous germs were in the air and that 
their access to the wounds must be prevented, a point of view 
which we now recognize to have been based upon insufficient 
At no time did 
he offer any evidence to show that a definite pathological con- 


knowledge as to the etiology of infections. 


dition was due to the development of a particular bacterial 
species. 

The first observation of a characteristic microorganism in 
a definite disease is apparently that of Pollender, who, in 1849, 
found the bacillus of anthrax in the blood of an animal dead of 
splenic fever. The following vear this was confirmed by 
Davaine, and in the decade from 1850-1860 the presence of 
these organisms in anthrax blood was testified to by a number 
of observers. In the year 1860 Delafond found the parasite 
not only in affected cattle but also in the blood of animals 
inoculated with material taken from the natural disease, and 
three vears later Davaine, impressed by the work of Pasteur 
on fermentation, carried out still more convincing expert- 
ments. Side by side he inoculated animals with blood contain- 
ing the bacteria and blood free from them, observing the 
development of anthrax only in those animals which had re 
ceived the material containing the organism. Nevertheless, 
in all these experiments, some virus in the blood and not the 
organisms visible under the microscope might be the cause 
of the disease. The proof that the bacteria seen first by Pol- 
lender and Davaine were the infectious agent of splenic fever 
had not yet been brought and could not be brought until the 
organism was cultivated artificially outside the animal body, 
and successful inoculations carried out with such a culture 
freed from any virus or poison, 

The first attempt to devise a method for the separation of 
microorganisms from mixtures is probably seen in the ex- 


periments of Hallier in 1866. His apparatus, however, did 
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not permit the isolation of individual species, and so many 
different kinds of organisms appeared that Hallier was led to 
the doctrine of pleomorphism, the doctrine that microorgan- 
isms could change their size and shape, developing one into 
another. Faulty as was the method of Hallier and wrong as 
were his conclusions, he nevertheless again drew attention to 
the occurence of bacteria in various pathological conditions as 
in measles, syphilis, gonorrheea, glanders and diphtheria. The 
presence of bacteria in morbid processes was about this time 
further demonstrated by some of the most reliable investiga- 
tors of the day, among whom must be mentioned Weigert, 
Cohn, Oertel, Eberth, Klebs, Rindfleisch, von Recklinghausen 
and Waldeyer. In most of the observations at this time, how- 
ever, various cells, cellular detritus of organic and inorganic 
nature, particles of fat and different crystals were grouped 
In 1871 von Recklinghausen 
found, in the organs and tissues of individuals dead of pyemia, 


together as living organisms. 


puerperal fever, typhoid fever, and rheumatism, small bodies 
with a definite structure which were not dissolved by alkalies, 
by acetic acid or by glycerine. Such bodies were clearly or- 
ganic in nature. During the same year Waldeyer demonstrated 
aggregations of minute forms which were evidently bacteria, 
in the heart muscle in pyemia and in the pelvis of the kidney 
in pyelonephritis, and a little later Weigert found bodies with 
the reaction described by von Recklinghausen in the corium in 
Klebs also in 1870-1871 de- 
scribed his microsporon seplicum in gun-shot wounds, in 


cases of hemorrhagic smallpox. 


granulation tissue, in fistula, in diseased bone-marrow, in the 
cartilages of the joints in arthritis, and in diphtheria. He 
devised methods for the isolation of organisms in pure culture, 
the so-called fractional cultivation, but had no success. The 
observations of so many competent observers that bacteria were 
constantly present in diseased conditions coupled with the fail- 
ure to demonstrate organisms in the normal tissues, could best 
be explained on the theory that they were the cause of the 
pathological change. The whole question was involved in great 
obscurity, however, since no proof had been brought that any 
particular variety of organism seen with the microscope was 
derived from a previously existing organism of the same size 
and shape and with the same properties. The obscurity was 
rendered more dense moreover by the contentions of such ob- 
servers as Bilroth and Klebs, that the same microorganism 
could be the cause of the most diverse pathological conditions, 
pyemia, septicemia, puerperal fever, phthisis, smallpox, diph- 


theria, and cholera. The etiology of infections could only be 


\ cleared up by the demonstration of specific differences in the 


many bacterial forms found in diseased organs and tissues. 


About this time the Botanical Institute of Ferdinand Cohn 
in Breslau became the seat of active and illuminating investi- 
gations upon microorganisms. The Monas prodigiosus had 
previously been discovered in a red discoloration on food by 
Ehrenberg and its cultivation accomplished by Fresenius and 
Erdmann on potato. The pigment produced by this organism 
enabled the observer to follow the growth from generation to 
generation, and cast aside as contaminations all those colonies 
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lacking the red color. Schroeder now cultivated the “ pro- 
digiosus *” and a number of other pigmented bacteria on a 
variety of media in Cohn’s Institute. He was unable to sepa- 
rate mixtures of organisms into their constituent elements. 
however, and in consequence could not be sure his colonies 
did not contain extraneous species having the same morphology 
as the microorganism which produced the pigment. The cry- 
ing necessity was for a method which would bring about the 
separation of one organism from another and enable the ob- 
server to test the properties of isolated species. No one ap- 
preciated this necessity more than Cohn himself, who clearly 
saw that until the different bacteria could be isolated, in pure 
culture, and observed over long periods of time, no certainty 
could exist as to the origin of any one particular organism from 
a pre-existing organism of the same size and shape. Neverthe- 
less, on the ground of the various investigations relating to the 
morphology and the physiological properties of bacteria, Cohn 
was thoroughly convinced of the correctness of the doctrine 
that different species of microorganisms existed in nature, 
differing from each other in form, in biolpgical reactions, and 
in fermentative activity. The proof for this thesis, which 
Cohn regarded as the key-note to the whole science of bac- 
teriology, had not yet been brought. Cohn had himself dis- 
covered the sporulation in the bacilli and had predicted that 
spores would be found in the organism of splenic fever. As 
he himself tells us, he was greatly delighted to receive a letter on 
April 22, 1876, from a young country physician in Wollstein, 
Robert Koch, stating that he had succeeded in working out the 
complete life-history of the anthrax bacillus and that the na- 
ture and distribution of the disease could be fully explained by 
the mode in which the organisms developed and especially by 
their sporulation, the sporulation which Cohn had predicted 
and which he himself had observed under the microscope. 
Koch expressed his willingness to carry out the necessary ex- 
periments to prove these claims in Cohn’s own Institute and his 
desire to obtain Cohn’s judgment of their value. Cohn at once 
invited Koch to come to Breslau and on April 30, 1876, Koch, 
began a three-day demonstration before Cohn in the Botanical 
Institute. He brought with him many of his preparations and 
carried out a number of fundamental experiments. Te showed 
Cohn how he could cultivate the anthrax bacillus in sterile 
blood serum or in the aqueous humor of a bullock’s eyes, and 
how it went through a definite phase of development. During 
the course of this development the short rods originally present 
in the blood of animals dead of splenic fever grew out into long 
threads or chains of bacilli in each of which a spore appeared. 
These spores became free from the organisms which disinte- 
grated and disappeared, and under proper conditions of tem- 
perature and moisture underwent certain peculiar changes. As 
a result of these changes, projecting from each spore there 
appeared the short rod, characteristic of the bacillus of anthrax 
as observed in the blood of infected animals. Thus the com- 
plete life cyele of the anthrax bacillus was established, the 
lirst complete life cycle to be described for any of the bacteria. 


Koch further showed Cohn how the inoculation of animais 
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always resulted in artificial anthrax when the material em- 
ployed contained the bacillus or its spores, and only under 
these conditions, actually inoculating frogs, mice, and rabbits 
with infectious material in Cohn’s presence. He finally proved 
to Cohn that the nature and the distribution of the disease 
could be amply explained by the facts which he had brought 
to light in regard to the life history of the anthrax bacillus. 
This demonstration took place in the presence of a number of 
professors in the University of Breslau besides Cohn, notably 
the physiologist Leopold Auerbach, the pathologist Julius 
Cohnheim and his assistant Karl Weigert, and Messrs. Kidam, 
Lichtheim and Traube. It is said that Cohnheim was so 
estonished and delighted by Koch and his work that he rushed 
hack to the Pathological Institute, called his assistants together 
and told them to stop their work and hasten to the Botanical 
Laboratory where they could see the demonstration for them- 
selves. He said Koch had made a startling discovery which in 
the simplicity and exactness of the methods employed was the 
more to be wondered at since he was shut off in his life from 
all scientific intercourse, and yet everything he had done was 
absolutely original and absolutely complete. ‘ It leaves noth- 
ing more to be proved,” said Cohnheim. “1 regard it as the 
greatest discovery that has ever been made with bacteria, and 
I believe that this is not the first time that this young Robert 
Koch will surprise and shame us by the brillianey of his 
investigations.” 

The work on anthrax was published almost immediately in 
Cohn’s Beitriige zur Biologie der Pflanzen in July, 1876. In 
a paper of over forty pages Koch describes with great exactness 
the many experiments he had conducted with the organisms 
of splenic fever, the methods he had employed and the con- 
clusions which could be drawn from his work. Not only was 
the sporulation of the anthrax bacillus proven and its life cycle 
worked out, but for the first time in the history of bacteriology 
a pathogenic microorganism was cultivated artificially in pure 
culture outside the animal body and the specific disease pro- 
duced. This Koch accomplished by the use of hanging drops 
of aqueous humor or sterile blood serum placed over hollow- 
ground slides. In these preparations he watched the develop- 
ment of the organisms for a number of generations throwing 
out as contaminations all those preparations which showed any- 
thing besides the characteristic bacillus or its spores. He made 
a careful study of the natural disease in cattle, sheep and 
horses, and produced the disease artificially in mice, guinea 
pigs, and rabbits by inoculation with blood or with splenic 
pulp from infected animals. He now produced the same 
disease in these animals by the use of his pure cultures grown 
for a number of generations outside the body. He thus settled 
absolutely the etiological relationship of the bacillus of anthrax 
to the disease and answered the arguments of those who main- 


tained that some virus or poison in the blood and not the or- 


*Dr. W. H. Welch was working in Cohnheim’s laboratory at 
this time and states that Cohnheim’s enthusiasm over Koch’s dis- 
covery made a profound impression upon all the men in the 
Pathological Institute. 
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canisms of Pollender and Davaine were the infectious agent. 
In addition to his production of anthrax in mice, guinea pigs 
and rabbits, Koch inoculated dogs and two varieties of birds, 
namely, partridges and sparrows and noted their resistance 
to infection. The same insusceptibility he found also in 
frogs and in his examination of the tissues of these animals, 
called attention to the remarkable fact that the anthrax bacilli 
were ingested by the white corpuscles of the blood. A similar 
ingestion of the organisms by blood cells he notes in material 
taken from the spleen of a horse dead of anthrax. 

This paper is one of the great classics in bacteriology. By 
it the first clear light was thrown upon the dim obscurity which 
enveloped the world of microorganisms. By it the path was 
first shown along which the growth of this science was to move. 
It is significant that in the thirty-five years which have passed 
since the publication of this first paper of Koch’s on an- 
thrax, the world-wide development of bacteriology has not 
thrown doubt upon the accuracy of Koch’s observations, nor 
disproved any of the conclusions which he drew. Indeed but 
little of importance has been added to the facts which Koch 
established concerning the life history of the anthrax bacillus 
and the etiology of splenic fever. In November of the follow- 
ing vear, 1877, Koch published his second paper. Here he 
described his method for making films of bacteria on the sur- 
face of coverslips, fixing them by drying or gentle heat, and 
his application of Weigert’s use of the aniline dyes for the 
demonstratien of bacteria in tissues, to the study of these 
bacterial films. In addition to the method of staining the 
bodies of the bacterial cells Koch also devised a method for 
staining the flagella on some of the motile forms. Cilia had 
previously been seen on bacteria, but now for the first time 
satisfactory proof of their existence was brought. ‘The bulk of 
this paper, howeyer, is given up to the subject of the pho- 
tography of bacteria, in which Koch was keenly interested be- 
cause of his belief that only by carefully prepared photographs 
could different observers compare their findings and avoid the 
many erroneous impressions resulting from imperfect descrip- 
tions of microscopic forms. 

The work on anthrax was accepted everywhere in Germany, 
but met with much opposition in France at the hands of the 
physiologist Paul Bert. Bert maintained that every disease 
must be caused by a virus of the nature of an organized ferment 
whose activity was inhibited by oxygen. Since the anthrax 
bacillus could develop in the presence of oxygen, it could not 
be the virus which produced the disease. Bert’s opposition to 
Koch’s conclusions led the great Pasteur into the study of 
anthrax and into the field of infectious diseases, where as he 
himself said at the time “he had thus far been a stranger.” 
Pasteur confirmed all of Koch’s observations and completely 
overwhelmed Bert with the force of his arguments. 

The study of anthrax, however, started Pasteur upon the 
study of other infectious conditions and in the course of his 
experiments he found an organism which was the cause of a 
septicemia in animals, to which he gave the name vibrion 
septique. ‘The septicemia produced by the vibrion septique 


was entirely different from the septicemia produced by the or- 
ganism of splenic fever. As a result of Pasteur’s work on 
anthrax and on the septicemia due to his vibrion septique his 
mind was again turned to the relation between fermentation 
and disease and we find him on April 30, 1878, in collaboration 
with Joubert and Chamberland advocating publicly the old 
doctrine of the dependence of disease upon the growth of 
microorganisms within the body. Even before that time, 
however, Koch had been putting this theory to a practical test, 
studying with great minuteness the various effects which were 
produced in animals by inoculation with all sorts of putrid 
material. The results obtained by Koch were also published 
in 1878 in a paper entitled, Untersuchungen iiber die Aeti- 
ologie der Wundinfektionskrankheiten, which constitutes the 
third of his important publications. In this paper Koch puts 
forward clearly the exact state of knowledge on the subject 
of surgical infections ; he explains the difficulties which had to 
be overcome in working out their etiology and describes the re- 
sults which others before him had achieved. He then states 
that he determined to study especially analogous conditions in 
animals resulting from the subeutaneous introduction of ma- 
terial from various sources. He tells how he succeeded in arti- 
ficially producing conditions which were strictly comparable to 
surgical wound infections and how these infections in animals 
were always due to microorganisms. He reports six different 
kinds of infection so produced, pictures the organism asso- 
ciated with each, describes in detail the appearances of the or- 
He notes the fact 
that certain species are susceptible to one kind of microorgan- 


vans and tissues of the infected animals. 


ism, other species to other kinds, points out that the animal 
body itself is the very best medium in which to obtain pure 
cultures and that the pure cultures so obtained can be kept 
alive by the continuous inoculation of fresh animals. No 
greater proof that infectious material consists of different 
kinds of living microorganisms capable of indefinite multi- 
plication could be asked, except the cultivation of the organ- 
isms in pure culture outside the animal body and the pro- 
cuction of the lesions by the organisms themselves. ‘This 
proof had already been furnished by Koch for anthrax. Sev- 
eral improvements in bacteriological technique were also de- 
scribed by Koch in this paper, the most important being the 
adoption of the oil-immersion lens of Stephenson and the 
Abbe condenser for the study of microscopic forms. 

Koch’s growing reputation prevented his longer sojourn in 
Wollstein and the impression which his experiments and per- 
sonality had made on Ferdinand Cohn and the other men in 
Breslau led them to procure a place for him there as Gerichts- 
arzt or Municipal Physician. In the summer of 1879 Koch 
moved his family to Breslau and took up the work of the new 
position. The strenuous life of a city practitioner proved 
little to Koch’s liking, the salary of the new position was much 
below that required for himself and his family and possibly 
too he found that his scientific work was interfered with. At 
any rate after three months sojourn in Breslau he retraced his 
steps to Wollstein where his old place was still unfilled and 
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where it is said he was received with wild jubilees by the loeal 
Koch, however, was now much too big a man for 


populace. 
About this time Finkelnberg, one of 


this little community. 
the members of the Gesundheitsamt in Berlin, resigned to 
accept a professorship and Koch, largely through the instru- 
mentality of Cohnheim, was selected as his successor. He 
moved his family to Berlin and from this time on devoted him- 
self exclusively to laboratory work. At the time he entered the 
Gesundheitsamt bacteriological investigation, which had pre- 
viously been carried out there with some zeal, was largely 
abandoned. With characteristic energy Koch gathered about 
himself a number of assistants and students and with their 
help improved and applied the methods and technique which 
he previously had devised. At the end of the first year the 
observations were published in the Wittheilungen aus dem 
kaiserlichen Gesundheitsamte for 1881. In this volume 
among other articles were three papers by Koch alone, one by 
Koch and Wolfhiigel and one by Koch, Gaffky and Loefiler, 
all contributions of the greatest importance to the now rapidly 
developing science of bacteriology. Many of the methods for 


sterilization and disinfection which are now in vogue were | 


devised at this time and many great improvements in hacterio- 
logical technique were introduced. In the first paper in this 
volume Koch described what we must regard as his greatest 
achievement, his poured-plate method for the isolation of or- 
ganisms in pure culture. Up to this time no method had ever 
been devised for obtaining pure cultures of organisms from 
mixtures. We know that Koch had pure cultures of the 
anthrax bacillus, for in this work he first obtained the organ- 
isms from the blood of an infected animal, using the greatest 
precautions to prevent contamination, and employing carefully 
sterilized instruments, sterilized slides and coverslips. In 
addition he actually watched the development of the bacteria 
under the microscope, casting aside as worthless any prepara- 
tions which showed extraneous organisms and controlling his 
work by constantly producing the disease by inoculation. We 
know also that he recognized the value of the animal body as a 
medium in which to obtain pure cultures of bacteria and in 
his work on wound infections showed how one organism would 
develop exclusively in one animal, another organism in another, 
This was entirely a different matter, however, from obtaining 
pure cultures from mixtures. No scheme had yet been hit 
upon, no apparatus had been invented by means of which this 
coulé be accomplished. Attempts to solve the problem had 
been countless and the difficulty of solving it is apparent when 
it is reealled that such skillful investigators as Hallier, 
Klebs, Lister, Naegeli, Salamonson and Buchner had all de- 
vised apparatus and methods for this purpose, but had failed 
to meet with success. Koch in order to obtain pure cultures 
made use of nutrient gelatin. This material had previously 
been employed in the cultivation of microorganisms, but 
only in solutions so dilute as not to harden and furnish the 
firm transparent medium Koch desired for the study of his 
colonies. Koch now used the gelatin in such proportions as to 


give a solid coagulum when cooled, and added to this gelatin 
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meat infusion with which to furnish the microorganisms the 
substances necessary for their nutrition. In his previous work 
Koch had observed that if a slice of potato was sterilized by 
cooking and kept under aseptic precautions in closed and ster- 
ilized vessels, no growth of anv sort or deseription appeared 
upon the cut surface. If a similar slice of potato was exposed 
to the air for a few minutes and then put in a warm chamber, 
after a few days its surface was covered by colonies of various 
colors, which when examined microscopically were found to 
be made up each of its own kind of microorganism. Acting 
upon this idea Koch spread his newly devised gelatin upon the 
surface of sterile glass slides or dishes and inoculated the sur- 
face by drawing over it a platinum wire which after steriliza- 
tion had been immersed in the mixture of bacteria to be 
studied. He now found that isolated colonies developed along 
the line of these streaks and that these colonies were each 
composed of but one kind of microorganism. He next further 
improved this method by inoculating the melted gelatin di- 
rectly, shaking it well to get a separation of the individual 
cells and pouring this over the surface of a sterilized glass 
dish. This method of making streak cultures and of pouring 
plates gave pure cultures and solved the problem which had 
been attempted by so many of his predecessors, the problem 
which the scientific world recognized had to be solved before 
the science of bacteriology could advance very far beyond the 
place where it had rested for so many years. 

Simple as the poured-plate method appears to us at the 
present time and clear as are the various steps taken by Koch 
in the solution of the difficulty, it still remains to us the only 
practical procedure for obtaining pure cultures of micro- 
organisms, the slight modifications which it has undergone in 
the quarter of a century since its discovery relating largely to 
the composition of the medium which is employed. For us 
in America it is interesting to note that the only real improve- 
ment over Koch’s poured-plate method came from the hands 
of an American investigator, Professor Barbour, who has de- 
vised an ingenious apparatus by means of which he can obtain 
cultures from isolated bacterial cells. From the difficulty of 
using this method, however, it can have but a limited applica- 
tion in bacteriology. 

The end of the year 1881 may be said to mark the close of 
the inventive or constructive period in Koch’s life. In the 
decade from 1872, when he returned from the Franco-Prussian 
war, to the vear 1882 the science of bacteriology had changed 
from a chaos of conflicting views and observations to a well 
ordered svstem. The methods for fixing and staining bacteria 
so as to make their microscopic study possible had been devised, 
their cilia had been stained, the oil-immersion lens and the 
Abbe condenser had been utilized, a method of separating sin- 
gle species from mixtures had been found, the pathogenic 
bacteria had been cultivated in pure culture, the etiology of 
infections had been cleared up, the germ theory of disease had 
become a proven doctrine. For most of this advance in 
knowledge Koch was himself responsible. 

From this time on the work of Koch and his pupils was 
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largely the application of the methods already perfected to the 
study of other conditions and the next few vears were rife with 
epoch-making discoveries in the field of infectious diseases, 
As he himself said, when once the right method was found, the 
solutions of the problem came to their hands as easily as ripe 
apples fell from the trees. It was the method which was es- 
sential. It was the method which Koch had looked for. It 
was the method which he had found. 

In 1882 Koch worked out the etiology of tuberculosis by his 
discovery of the tuvercle bacillus. To do this he devised a 
new method of staining by means of whieh he could differen- 
tiate between the organisms always present in tuberculous 
lesions, and those aecidentially found there, finally succeeding 
in cultivating the organisms he had stained on solidified blood 
serum, and proving their relation to the disease by inoculation 
experiments. ‘The preliminary report of this work appeared in 
1882 in the Berliner klinische Wochenschrift, the full aecount 
of the many experiments being published in 1884 in the second 
volume of MWitthetlungen aus dem kaiserlichen Gesundheits- 
amte. ‘The main points in the life history of the tubercle 
bacillus, its relation to tuberculosis and the methods which 
should logically be adopted to prevent the spread of this dis- 
ease were presented with great clarity and not only are these 
publications of Koch’s models for future generations of 
scientists, but the practical importance of the knowledge fur- 
nished the world by Koch at this time can hardly be over- 
estimated. In reading these papers it is interesting to note 
that in his early work Koch held certain ideas which could not 
later be substantiated. Thus he believed that the small highly 
refraetile bodies seen in the tubercle bacillus were spores, a 
point of view not subsequently confirmed. He also taught that 
tuberculosis of man and of animals was identical and due to 
the same bacillus, and that the bovine disease was a source 
of great danger to the human race, and was to be treated 
like other diseases of animals transmissible to man. As is 
well known this opinion was greatly modified by Koch himself 
in his later work. 

In this communication Koch seems for the first time to have 
clearly formulated in print the laws which go by the name 
of * Koch’s postulates,” although he evidently made use of 
these postulates in verbal communications before this period. 
In + iater address entitled Ueber bakteriologische Forschung 
which Koch delivered before the International Medical Con- 
gress in Berlin in 1890, we find the fullest and most satisfac- 
tory exposition of these laws. According to these postulates a 
parasite to be regarded as the cause of a disease must fulfill 
certain conditions. First, it must be found in every case of 
the disease, and under conditions which explain the pathologi- 
cal changes and the clinical symptoms. Secondly, it must not 
be found as an accidental and harmless parasite in other dis- 
eases. ‘Thirdly, after isolation from the body and cultivation 
in pure culture, it must have the ability to produce the disease. 
When these conditions are fulfilled then no other relation be- 
tween the parasite and the disease can be imagined than that 


the parasite is the cause of the disease. 
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In 1883 Koch was made the head of the German Cholera 
Commission and went first to Egypt and then to India. In 


a painstaking investigation of Asiatic cholera, both in pstients 
and in the post mortem room, he not only established many 
new points concerning the pathology of the infection, but 
isulated the cholera vibrio and brought forth convincing proof 
of its etiological relationship. Of especial importance from 
the public health standpoint was his cultivation of the vibrio 
from drinking water and from articles of food. The possibility 
of contact infection in this disease was not overlooked by Koch 
and some of his earliest work demonstrated the presence of the 
living vibrios on the clothing of patients. On Koch’s return 
from India he was given a donation of 100,000 marks by the 
State and Kaiser Wilhelm I bestowed upon him the Order of 
the Crown, second class. 

In 1885 Koch left the Gesundheitsamt and became Professor 
of Hygiene and Bacteriology in the University of Berlin, a 
chair with this title being made for him. Both at the 
Gesundheitsamt, and later at the University his laboratories 
were crowded with men from all over the world anxious to 
learn the new methods and technique. England, America, 
France and Italy were well represented but German physicians 
flocked to him especially, many of them to take the course in 
Cholera Diagnosis which he offered at the Gesundhettsami, 
this being required by the Government of the official medical 
men who were stationed on the frontier. In the list of stud- 
ents who worked with Koch or took the courses offered in 
his laboratory are many of the foremost investigators of the 
} resent day, included among the number being Gatfky, Loeffler, 
Hueppe, Wolfhiigel, Esmarck, Behring, Fliigge, Pfeiffer, 
Girtner, Fisher, Wassermann, Froboenius, Wolle. Carl 
Fraenkel, Hesse, Weiss and Kossel in Germany; Welch, 
Prudden, Abbott, Vaughan, Novy, Biggs, Laplace, Archinard, 
Krnst and Shakespeare in this country. But three among 
these last named, however, actually worked under Koch him- 
self, Dr. Welch and Dr. Prudden and later Dr. Ernst, at the 
Hygenic Laboratory of the University. 

It is significant that the etiology of many if not the ma- 
jority of the infectious diseases which we now understand was 
solved by Koch or his pupils. Thus to Koch himself must we 
credit anthrax, tuberculosis, cholera, infectious conjunctivitis ; 
to Galtky. ivphoid fever; to Loeffler, diphtheria and glanders; 
to Pfeilfer, influenza; to Kitasato, tetanus, symptomatic an- 
thrax, and bubonic plague in part. In many other instances 
the methods which Koch devised, when adopted by his fol- 
lowers all over the world, have brought solution to problems 
of the greatest importance in medicine and surgery. 

It is interesting to us at Johns Hopkins that Dr. Welch 
came directly from his studies in Berlin, where he was a per- 
sonal student of Koch at the University and took Koch’s first 
course in bacteriology, to Baltimore when the pathological 
laboratory of the Johns Hopkins Hospital was opened. He 
brought with him cultures of a number of microorganisms 
and at once gave courses in bacteriology similar to those given 


in Berlin. Our laboratory is thus one of the first if not 
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actually the first laboratory in America where modern bacteri- 
ological technique was adopted, and to Dr. Welch more than 
to any one else American medicine is indebted for the introduc- 
tion of the Koch methods. 

The establishment of the Saranac laboratory for the study 
of tuberculosis by Dr. Trudeau may also be regarded as the 
lirect outcome of Koeh’s first paper on tuberculosis published 
in 1882. 

In 1890 Koch described the preparation of tuberculin which 
was immediately heralded about the world as the great specific 
Its failure to become this specific is the one 
As Trudeau so clearly points out, 


for tuberculosis. 
blot on Koch’s reputation. 
Koch in his first investigation on this remedy departs for the 
only time in his life from the rigid methods which he pre- 
viously and subsequently applied to all his work. Careful 
examination of Koch’s original publication on tuberculin 
leaves little doubt that Koch was himself thoroughly convinced 
that it was a great healing remedy for early cases of tuber- 
culosis of the lung. Why it was that he did not demand of 
himself the rigid proof for his statements which he knew others 
would at once demand of him will always remain a mystery. 
Of what other man of science can it be said, however, that 
during a life-activity of forty years but one of the many im- 
portant conclusions which he drew from his work could not be 
subsequently confirmed ? 

In 1891 Koch became Director of the Institut fiir Infec- 
tionskrankheiten in Berlin which was built under his special 
direction. Here he remained as Director till 1904 when he 
was relieved at his own request, his place being taken by his 
former pupil Gaffky. From 1904 till his death he was Ehren- 
milglied or Honorary member of the institute and continued 
there his active investigations. The Institute, like the Hy- 
gienic Laboratory of the University and the Gesundheitsamt, 
in its turn became the Mecca for native and foreign students, 
Koch gathered about himself a number of the foremost inves- 
tigators in Germany who attracted to themselves men from 
various parts of the world. Wassermann, one of the ablest of 
Koch’s assistants, has been especially friendly to Americans 
and a number of Johns Hopkins graduates have worked with 
him, thus coming indirectly under Koch’s influence. Among 
others in this country who worked in the Institute may be 
mentioned: Strong, Ford, Cole, Moss, Jobbling and Mitchel. 

During the period when Koch served as Director of the In- 
stitute he was constantly engaged in the study of the infectious 
diseases and was especially concerned with the problem of de- 
vising the proper measures to limit their spread. The pro- 
cedures adopted at the time of the great cholera epidemic in 
Hamburg in 1892 were largely the result of his discoveries. 
The following year he made further important contributions 
to our knowledge of this disease and pointed out how clearly 
many of the great epidemics could be traced to polluted water, 
advocating water filtration as the best means of preventing its 
spread by this path.* 


* The method of cultivating cholera vibrios from the dejecta by 
the use of the Dunham’s solution of peptone and salt was first em- 
ployed by Professor Dunbar of the Hygienic Institute of Hamburg, 
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Koch never took a narrow view in regard to the etiology of 
infectious diseases and in his earliest publication calls attention 
to the possibility that protozoa as well as bacteria may be the 
cause of disease in man. In 1896 at the behest of the English 
yovernment he went to South Africa and Cape Colony to study 
rinderpest. He devised a method of preventive inoculation to 
control this disease and spent some time there in the study of 
protozoan parasites. Upon his return to Berlin he published 
the results of his investigations upon Texas fever, tropical 
malaria, black-water fever, surra, and also upon rinderpest 
and bubonic plague. He was particularly interested in the 
study of malaria and spent some time in Italy in 1898 investi- 
gating the disease in that country. 

in 1900 Koch gave his famous London address on tubercu- 
losis, in which he modified the views orginally expressed as to 
the identity of bovine and human tuberculosis and maintained 
that no great danger exists of the transmission of the animal 
disease to man. In combating the disease, the greatest em- 
phasis, he said, should be laid upon preventing the direct 
spread of tuberculous infection from people suffering from 
the disease, particularly in its active form. A storm of criti- 
cism arose but rapidly abated when the various investigations 
which this address stimulated revealed that most cases of hu- 
man tuberculosis show the human type of the tubercle bacillus 
and not the bovine type. While the amount of bovine tuber- 
culosis in children is probably greater than was admitted by 
Koch in 1900 the decade which has passed has served only to 
demonstrate the correctness of Koch’s view that our greatest 
efforts should be directed towards preventing infection from 
pre-existing cages of human tuberculosis. 

In 1902 Koch made a trip to German East Africa on behalf 
of the German Government, to engage in the study of the 
Kiistenfieber der Rinder, and on his return published im- 
portant observations upon this disease and upon recurrent 
fever and trypanosomiasis. About this time also he began his 
campaign against typhoid fever in southwest Germany, estab- 
lishing new principles according to which this disease is to 
be controlled. The ideas which Koch promulgated at this time 
in regard to this infection have been adopted in nearly ail! 
civilized countries where typhoid fever exists. 

In 1905 Koch was one of the recipients of the Nobel Prizes 
and in 1906 he headed the Sleeping Sickness Commission and 
with the members of this Commission went to German East 
Africa, to English Central Africa and to the Victoria Nyanza. 
At this time he introduced the use of atoxyl in sleeping sick- 
ness. In the following year Koch came to America and took 
part in the International Tuberculosis Congress held in Wash- 
ington in that year. On his return to Berlin he was made a 
member of the Academy of Sciences and was given the title 
Excellenz by the present German Emperor. 

The latter part of Koch’s life it seems to me is extremel\ 


who was also the first to cultivate the organism from the dejecta 
of individuals with no symptoms of the disease. In connection 
with this the following papers should be consulted: Koch, Ztschr. 
f. Hyg. u. Infectionskrankh., 1893, xiv, 326; Dunham, Do., 1887, 
II, 337; Koch, Berl. klin. Wehnschr., 1893, xxx, 1; Gaffky, Arb. 
a. d. Gsndhtsamte., Berl., 1896, x, 110. 
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sad. Bitterly disappointed as he must have been in the failure 
of tubereulin to become the great healing remedy he had clearly 
expected it would be, adopting in his family life a course 
of conduct which alienated him from many of his friends and 
apparently robbed him for some time of some of those official 
honors whieh his scientific attainments had merited so long, 
gradually losing his strength and suffering from infirmities 
which a life-long devotion to science had brought on, Koeh 
veems a somewhat pitiable figure. He was indeed deprived of 
that peaceful and honorable old age which the people of his 
race so dearly love. Throughout this period of Koeh’s life he 
carried himself with the greatest dignity of character, indif- 
ferent to the criticisms which were heaped upon his private 
life, just as previously he had been indifferent to the strictures 
In Mareh, 1910, 


he began to suffer from cardiac distress, but refused to give up 


which were passed upon his scientifie work. 


his work at the Institute, where he labored daily from nine in 
the morning till half-past two in the afternoon. On April 
he leetured on the Epidemiology of Tuberculosis before the 
Berlin Academy of Sciences, his address on this occasion being 
published some months after his death the Zeitschrift fiir 
Hygiene which he and Fliigge had founded. 

On April 9 he had a sudden attack of heart failure in the 
night and was saved only by the use of the strongest stimu- 
lants. Under the untiring care of his former colleague and 
devoted friend, Dr. Brieger, he gradually improved a little 
in strength and health, but he knew the end had come and he 
estimated with scientific accuracy the number of days and 
hours he was likely to survive. His strength, however, was 
somewhat greater than either he or his physicians had antici- 
pated and he recovered suificiently to sit up in a wheeled chair 
and receive the visits of his devoted friends. In his modest 
apartments surrounded by his collections of minerals, plants 
and animals, his chief de light was talk of the science to which 
his life had been devoted. His failing faculties could always 
be roused by the slightest reference to new ideas in bacteriology 
even when his failing will power could hardly concentrate his 
attention upon the events of this life. His strength revived 
sufficiently for him be removed to Baden-Baden, where it 
was hoped that the clear balmy air might assist his recovery, 
but his race had been run and he died Friday, May 27, in the 
67th vear of his age. Like his great master, Goethe, whose 
precepts he had followed from his vouth up, Robert Koch met 
death face to face. 

His body was cremated on the following Monday, and his 
ashes now rest in the Institute founded for him in Berlin in a 
special room where also are deposited the various medals and 
orders bestowed by a devoted people upon one of the greatest, 
if not the greatest, of her many sons whose lives have been 


devoted to the study of the medical sciences. 
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ROBERT KOCH, 
(December 11, 1843 - May 27, 1910.) 
THE FATHER OF THE MODERN SCIENCE OF TUBERCULOSIS. 


By 8. ApoLpHus Kwopr, M. D., 
Professor of Phthisiotherapy at the New York Post-Graduate Medical School and Hospital. 


For the privilege of being with you here to-night and of 
joining in the tribute which this Society, founded for the 
study of tuberculosis, is to pay to the lately departed master 
of the modern science of tuberculosis, I feel profoundly grate- 
ful. We who are outside of the justly celebrated Johns 
Hopkins Medical School look upon it as a Mecca to which a 
pilgrimage means hearing and seeing the best that exists in 
modern medical science, and for this reason I feel all the 
more glad to be with you and much honored by the invita- 
tion extended to me by the officers and members of this 
Society. 

With all your eagerness for the study of the latest things 
which may help to throw light on unsolved medical problems 
or relieve human sufferings, you remain true to the tradition 
established by the two most distinguished founders of the 
medical department of this great university, Professors Osler 
and Welch, in that you do not neglect the historical study of 
medicine and, whenever occasion presents itself, you pay 
tribute to the pathfinders or heroes in our beloved profession. 
By naming this society the “ Lannec” you honored one who 
was perhaps the greatest savant in the science of tuberculosis 
of his day, the immortal Réné Théophile Hyacinthe Laennec 
(February 17, 1781—-August 13, 1826). It was he who 


*Address delivered before the Lennec Society for the Study of 
Tuberculosis, The Johns Hopkins Hospital, Baltimore, March 
27, 1911. 


taught us so much about the tubercle as the characteristic 
macroscopic evidence of tuberculosis and who invented for 
us the stethoscope, that valuable instrument almost indis- 
pensable in the diagnosis of pulmonary and cardiac diseases. 

To-night you are here under the auspices of this society 
to honor the memory of one whom I believe we can justly call 
the father of the modern science of tuberculosis. The offi- 
cers of this society have graciously assigned to me the task 
of speaking on Robert Koch’s achievements regarding tuber- 
culosis. 

Koch’s brilliant career as father of the modern science of 
tuberculosis began, of course, on that memorable evening of 
the 24th of March, 1882, when he gave to the world the result 
of his painstaking work. It was the usual monthly meeting 
of the Physiological Society of Berlin, but it was perhaps the 
largest gathering which that body ever had. Koch’s paper 
was announced under the title, “The Etiology of Tubercu- 
losis.” Taking into consideration what Koch had given to 
science before along the same lines (1 refer to the discovery 
of the spores of the anthrax bacillus and his concomitant 
bacteriological studies), the hearers were, of course, expectant 
and looked for great things in store for them. It was charac- 
teristic of Koch’s modesty and true scientific spirit that he 
had preferred to refrain from talking about his researches in 
tuberculosis until he could conclusively prove his thesis to the 
satisfaction of everyone and show absolutely accurate results. 
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To students of bacteriology it must be recalled that Koch was 
the first to seek the production of a solid medium for the pur- 
pose of getting pure cultures, and it was only after he was in 
possession of such a medium that he attempted to isolate the 
germ found in tuberculous tissue. 

It is of historical interest that on the evening of March 24, 
1882, after Koch had finished reading his paper, there was 
no applause or any enthusiastic manifestation of approval, 
and for the first time in the history of that society the paper, 
though listened to with the most profound and _ respectful 
silence, was not discussed. The facts presented by that 
master of bacteriological science were too convincing for dis- 
cussion. The audience looked expectantly to that most hon- 
ored member and veteran debater, father of cellular path- 
ology, the immortal Rudolph Virchow, but he too remained 
silent. He felt that another great master in medicine had 
arisen, and that the evidence of Koch’s conclusions did not 
permit any doubt or dispute. The original communication 
announcing the discovery of the tubercle bacillus as the 
prime and only cause of tuberculosis appeared in the Ber- 
diner klinische Wochenschrift of 1882 (No. 15, p. 221). It 
is a masterpiece of scientific demonstration. 

It might be interesting to my young hearers to know that 
they can get access to an exact reproduction of this paper in 
the Zeitschrift fiir Tuberkulose of July, 1910 (Band 16, 
Heft 2). 
that a more fitting memorial could not be printed at the 


The editors of this periodical very justly stated 


time of Koch’s death than that important paper which gave 
rise to all our modern tuberculosis research work and at the 
same time gave to its author a well-deserved recognition and 
world-wide reputation, 

In his paper Koch did not fail to pay tribute to the works 
of Villemin, Cohnheim, Salomonsen, Baumgarten and Tap- 
peiner, who had given us conclusive proof that tuberculosis 
was a transmissible disease, but through Koech—and Koch 
alone—-we have come to know the actual factor of infection 
and direct cause of all tuberculous diseases. It is he who 
showed us the presence of the germ in the pulmonary secre- 
tions and involved tissues, and also, to a minor degree, in 
other secretions of man and beast afflicted with tuberculosis. 
It is because of this knowledge that the new science which we 
might call the modern prophylaxis of tuberculosis was 
created. 

And now, after a lapse of nearly thirty years since the 
memorable discovery, we can statistically prove, beyond the 
shadow of a doubt, that, thanks to the rational, practical yet 
simple methods of prophylaxis which soon followed the dis- 
covery of the bacillus of tuberculosis by Robert Koch, the 
mortality from tuberculosis has been on a steady decrease in 
nearly all civilized countries. 

When we consider that the present morbidity and mor- 
tality from tuberculosis in the countries which have adopted 
rigorous anti-tuberculosis measures is in some instances two- 
thirds and in some even one-half what it formerly was, we 
must also admit that the material wealth which is the gain 
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of thousands of communities, because Koch lived and labored, 
is beyond human calculation. Our sociologists and econo- 
mists have estimated the value of a single human life as an 
economic asset of $5000 to a community. Thus the figures 
in material gain to the world at large for which this one man 
is responsible must stagger our imagination. But we as 
physicians do not look upon life only as representing a 
financial asset to the community. We come into too close 
contact with human suffering and sorrow for that. We rather 
emphasize the value of the discovery of our great Koch by 
the number of fathers, mothers, wives, husbands and children 
who were saved from an untimely death. We think of the 
tears and sorrow, of the anxiety and worry spared to untold 
numbers; we appreciate the joys and happiness which were 
preserved to thousands because the great white plague did not 
enter their homes. And all this preservation of human joy 
and happiness has been brought about because of one single 
discovery of Koch and the resulting indication of how to 
prevent disease. 

But this phase of our medical science, which is truly pre- 
ventive medicine, is not the only one whereby we as physicians 
and the world at large have been benefited by Koch’s dis- 
covery. The presence of the bacillus in the sputum gives in 
doubtful cases a well-nigh irrefutable evidence of tuberculous 
infection of the respiratory tract. 

In the discovery of tuberculin Koch has given us another 
adjuvant of great value in the diagnosis of tuberculous dis- 
eases in man and animal. 

A word regarding tuberculin as a therapeutic product. It 
is now generally conceded that when in 1890 Koch announced 
to the world the discovery of tuberculin as a means of curing 
tuberculosis, he did it against his better judgment, for he felt 
that he had not experimented with it long enough. The year 
1890 was indeed an unhappy one in Koch’s brilliant career. 
The powerful product used in far too large doses by inex- 
perienced men indiscriminately in early and late cases was 
followed by disastrous results. But time has justified 
Koch’s original claim, and to-day his tuberculin in the hands 


of careful clinicians has certainly proven to be, in certain 


cases of tuberculosis, a valuable therapeutic adjuvant. 

Koch did not limit his researches to the bacteriological 
causes of tuberculosis or to the discovery of tuberculin, and it 
may be a surprise to many to learn what a deep interest he 
took in the sociological aspect of tuberculosis. He studied 
all sides of the question—municipal control, popular edu- 
cation, the housing problem, etc. More than once did he 
express to me personally his approval of Professor Biggs’ 
work in New York relating to the municipal control of tuber- 
culosis, and he also referred to it in his celebrated London 
address in 1901. 

In regard to this communication made before the British 
Congress, justice requires us to say that Koch’s conclusions 
as to the rarity of the transmission of bovine tuberculosis to 


human beings were too sweeping, this having been borne out 
by subsequent investigations. But had it not been for Koch s 
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London address, much scientifie work which has now cleared 
up the controversy would not have been done. 

Koch's last paper, read before the Academy of Sciences of 
Berlin on April 7, 1910, only about six weeks before his death, 
and published in the Zeitschrift fiir Hygiene und Infektions- 
krankheiten October 28, 1910 (Vol. LXVIL, No. 1), showed 
his deep interest In the sociological aspect of tuberculosis. 
The article was entitled * The Epidemiology of Tuberculosis.” 
In it he very justly ascribes the still very great prevalence of 
tuberculosis in certain sections of Europe to the unfortunate 
housing conditions and particularly to 
the overcrowded sleeping quarters of 
the masses. He also came to the con- 
clusion that where institutional care 
had been most readily available, the 
morbidity and mortality from tubercu- 
losis have been reduced to the great- 
est extent, and vice-versa. 

Koch believed in popular education, 
and [| have received many a_ kindly 
word from him to encourage me in my 
humble labors in that direction. In 
his last letter to me, a few months 
before his death, he wrote: 

Popular works on tuberculosis are des- 
tined to play an important part in the 
enlightenment of the people, and the 
American people seem to be particularly 
susceptible to such education. 
| hope we may deserve this gracious 
compliment paid to the American 
people by the great Koch. 

And now, in conclusion, a few words 
on the personal side of this great man. 
On the evening of the 11th of April, 
1908, Koch was the guest of the Ger- 
man Medical Society of New York. It 
was indeed a distinguished gathering. 
Professor Karl Beck, as the president 
of the Society, was the 
toastmaster of the evening. 

Your own distinguished 

teacher, Professor Welch, “« 
being one of Koch's first 

pupils, welcomed the great 

scientist to our shores, and spoke in eloquent words of the 
achievements of his master. Equal praises were bestowed upon 
Koch by the Nestor of the New York and the entire American 
medical profession, Professor Abraham Jacobi. Andrew Car- 
negie, the philanthropist, who had given 500,000 marks for the 
Koch Institute in Berlin, praised Koch as a hero of civili- 
zation and peace, far greater than a hero in war, and concluded 
by saving : 

Every age has its ideals, and the servants and saviors of man- 


kind are our present-day ideals, for I firmly believe that service 
to mankind is the highest service to God. 
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And what did the great Koch reply to all this praise and 
eulogy? His answer was of so inspiring and modest a char- 
acter that | believe it to be worth while to reproduce it in the 
original words. L will repeat it here in German as it was 
delivered, and translate it into English as exactly as possible : 

Wenn ich alles zusammenfasse, was hier zu meinem Lobe 
gethan und gesagt worden ist, und die grosse Auszeichnung, die 
Sie mir zu Theil werden liessen, in Betracht ziehe, dann entsteht 
in mir ein Bedenken, ob ich auch wirklich berechtigt bin, mich 
so feiern zu lassen. Manches von dem, was mir Riihmliches nach- 
gesagt wird, kann ich, wie ich glaube, mit gutem Gewissen ak- 
zeplieren. Aber ich habe nichts anders 
gethan, als was Sie jeden Tag thun, ndm- 
lich ich habe gearbeitet was ich konnte 
und meine Pficht und Schuldigkeit 
gethan. Wenn etwas mehr dabei heraus- 
gekommen ist, so liegt das daran, dass 
ich auf meinen Wanderungen durch das 
medizinische Gebiet auf Strecken stiess, 
wo das Gold noch auf dem Wege lag. 
Es gehort allerdings Glick dazu, das 
Gold von dem Unedlen scheiden zu kon- 
nen; das ist aber kein besonderes Ver- 
dienst. Es freut mich besonders, Herrn 
Carnegie hier zu sehen, dessen hochher- 
zige Spende zur Koch-Stiftung allen- 
thalben einen tiefen Eindruck gemacht 
hat. Ich mochte Herrna Carnegie meinen 
bescheidenen aber herzlichen und war- 
men Dank aussprechen. Die meinen Na- 
men tragende Stiftung ist berufen, grosse 
Resultate auf dem Gebiete der Erfor- 
schung der Tuberkulose zeitigen. 
Wihrend die Griindung von Kranken- 
hdusern und Sanatorien in der Bekamp- 
fung der Tuberkulose von lokdler Bedeut- 
ung sind, soll die Koch-Stiftung uns er 
moglichen, in das Wesen der Krankheit 
tief einzudringen, um so Vorteile zu 
schaffen, die der ganzen Menschheit zu 
Gute kommen. Herr Carnegie ist fiir 
mich die Verkorperung der besten Rigen- 
schaften des Amerikaners. Er hat 
seinen Blick gerichtet auf dic hochsten 
und edelsten Ziele. 


TRANSLATION. 
When now. consider 
the honor you have con- 
ferred upon me here this 
evening, when I consider 
all that has been said and 


in my praise, there arises in my mind a doubt as to 
whether Tam really entitled to such distinction, Some of the 
kind things which have been said of me I believe | may accept 
with a clear conscience, but | have done nothing else than what 
you are doing every day. | have worked as hard as | could and 
have fulfilled my duty and obligations. If the success really 
was greater than is usually the case, the reason for it is to be 
found in the fact that in my wanderings through the medical 
field T came upon regions where gold was still lying by the 
wayside, Fortune is necessary to be able to distinguish gold 


from the base metals, but that is no great merit. | am glad 
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to see Mr. Carnegie here, whose generous gift to the NKoeh 
Foundation in Berlin made everywhere such a deep impres- 
sion. | would wish to thank Mr. Carnegie with all my heart. 
The foundation which is to bear my name is, [ hope, destined 
to show great results in the field of tuberculosis research. 
While special hospitals and sanatoria for the treatment of tuber- 
culosis are of local importance in the combat against tuber- 
culosis, the Noch Institute or Foundation is destined to study 
the underlying causes and as yet unsolved problems of the 
disease and thus will benefit mankind at large. Mr. Carnegie 
is to me the embodiment of all the best qualities of an Amert- 
can. THis ideals are the highest and noblest. 

Koch had a remarkable genius for research work, vet his 
iim was always eminently practical and his sympathies genu- 
ine and real. By hard work and diligent application he 
revealed to us the hidden mysteries of disease. 

Koch was not privileged to see the foundation for further 
tuberculosis research work, bearing his name, completed. He 
died on May 27, 1910, surrounded by devoted pupils and 
friends. By indubitable right he now takes his place with the 
Immortals and his name will be handed down through genera- 
tions to come as one who lived and labored for the good of 
mankind, 

In accordance with Noch’s last request, his funeral was of 
the simplest kind, and as an enthusiastic sanitarian he had 
directed his body to be cremated. His admirers and pupils 
gathered the ashes of the beloved master and enshrined them 
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ina mausoleum located in the Institul fir Infektionshrank- 
heiten in Berlin, of which Noeh had been a director for many 
Years, 

I venture to say that for generations to come, all physicians 
and likewise the many men and women outside of the pro- 
fession who are interested in scientific or preventive medicine 
will, on visiting Berlin, deem it a pious duty to make a pil 
erimage to this last resting-place of the ashes of Robert Koeh. 

When Professor Noch wrote me the last time he honored 
me by sending his photograph taken a short time before he fell 
ill. This picture is considered by all who knew Woeh one of his 
best. He graced it with his signature dated February 9, 1910, 
In availing myself of the permission granted to me to present 
you with an enlarged reproduction, [ beg you to accept it 
from one of the thousands of humble disciples of the great 
master as a feeble tribute to him and as a token of esteem 
for the officers and members of your society. 

Let this portrait, which shall henceforth grace the walls 
of this great university, this likeness of a prince of science, 
a teacher of teachers, one of the greatest physicians of his 
time, remind present and future members of the Laennec 
Society and all the students of this great university of Koch's 
motto in life: Nunquam otiosus (Never be idle). Let 
it be to all of us, to you and to me, an inspiration, an incen- 
tive to work and a reminder of the fact that though much has 


been done, there Is still more to do. 


THE BLOOD PICTURE IN TUBERCULOSIS. 


By Marcarer Reep Lewis, Baltimore. 


The fact has long been established that a cell reacts to its 
environment and that the condition of any cell at any one time 
depends upon its environment, The assumption that the cells of 
it 
have been made, but it was not until 1896 that Holmes first 


the blood would react to the condition of the plasma, mig 


called attention to the fact that there is a definite relationship 
between the state of the leucocyte of the blood and the progress 
of the disease in tuberculosis. Holmes studied the entire cell 
and while he perceived the metabolic changes of the leuceeytes 
as shown by their granules and even in some cases mentions 
the condition of the nucleus, he did not observe that there is a 
definite relationship between the state of the nucleus and the 
condition of the cell. 

To quote Holmes, * A careful study of 100 cases of tuber- 
culosis has shown conclusively that the laws, which bring about 
disintegration in a tuberculosis patient, bring about the same 
process at an earlier date in tubercular leucocytes. In these 
cases, | have found a marked disintegration going on in all 
varieties of leucoeytes and a great decrease in the number of 
voung cells. The tissue forming power of these cells is imper- 
feet. Many of the young cells present is a good sign of reeupe- 
rative power on the part of the patient.” 


The relationship between the state of the nucleus and the 


metabolic processes of the cell-has been investigated by many 
observers as for instance, Korschelt found that the formation 
of chitin in insects is associated’ with nuclear changes. Green- 
wood found the elaboration of digestive fluids in cells is de- 
termined by the nucleus. Maximow found that the secretory 
granules in the serous cells of the salivary gland originate on 
the inner surface of the nuclear membrane. Mathews showed 
that the zymogen granules of the pancreas cells are formed at 
the expense of nuclear fibrillae. The relationship between the 
metabolic processes of the cell and the nucleus has not been 
definitely worked out but the observations of Jacquet, Spitzer. 
Loeb and R. Lillie seem to demonstrate that the nucleus is 
especially concerned in the oxydative processes of the cell. 

Soon after Holmes’ work appeared, Arneth observed that 
there is a relationship between the state of the nucleus of the 
neutrophile of the blood and the condition of the patient in 
tuberculosis. In 1905, Arneth published all his observations 
upon tuberculosis patients as a monograph, “ Die Lungen- 
schwindsucht,” in which he states clearly his conclusion in the 
form of a neutrophilic blood picture, which is adapted for 
clinical use. 

According to Arneth the neutrophile enters the blood as a 
myelocyte or at least as a neutrophile having but a single lobe 
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to the nucleus. As these cells live and mature in the blood, the 5 Spt eee OF So OP” 


nucleus becomes divided into several lobes, so that the younger 
forms have one or two lobes, Arneth calls the lobes “ pieces ” 
while the older have four or five pieces. The mature neutro- 
philes are constantly used up and the younger forms constantly 
enter the blood, so that if at any time more of the mature forms 
are used up, it is shown by a larger proportion of the neutro- 
philes with one or two lobed nuclei than is usually present. 

The pieces of the nucleus are of two types, the round piece 

“ Kernteile,” which does not divide again and the bent 
ll or “Schlingen,” which may divide again. Arneth’s 
observations upon human blood show that the neutrophiles can 
be divided into five classes according to the number of pieces 
of the nucleus and those classes subdivided according to the 
kind of pieces in each class, as is seen in the following table. 


ARNETH’S BLOOD PICTURE. 


NEUTROPHILES. 
CLASS I. 
Nuclei with 1 round piece (1 Kernteile). Fig. . 
Nuclei with 1 bent piece (1 Schlingen). Fig. 2. 


CLASS II. 


Nuclei with 2 round pieces (2 Kernteile). Fig. Pa 
Nuclei with 2 bent pieces (2 Schlingen). Fig. 
Nuclei with 1 round piece and 1 bent piece (1 Scotatelle und 1 Schlingen). 
Fig. 5. 
CLASS IIL. 


Nuclei with 3 round pieces (3 Kernteile). Fig. ~ 
Nuclei with 3 bent pieces (3 Schlingen). Fig. 
Nuclei + ae 2 round pieces and 1 bent piece (2 ‘Kernteile und 1 Schlingen). 


Fig. 8 
Nuelet with 1 round piece and 2 bent pieces (1 Kernteile und 2 Schlingen). 


CLASS IV. 
Nuclei with 4 round pieces (4 Kernteile). Fig. 10. 
Nuclei with 4 bent pieces (4 Schlingen). Fig. 11. 
ae w _ 3 round pieces and 1 bent piece (35 Kernteile und 1 Schlingen). 
g. 
Nuclei ys | 2 round pieces and 2 bent pieces (2 Kernteile und 2 Schlingen). 
Nucle with, 1 round piece and 3 bent. pieces (1 Kernteile und 3 Schlingen). 
CLASS V. 


Nuclei with 3 round pieces (5 Kernteile). Fig. 15. 


Nuclei with 5 bent pieces (5 Schlingen). Fig. 16. 

Nuclei we 4 round pieces and 1 bent piece (4 Kernteile und 1 Schlingen). 

Nucl with 3 round pieces and 2 bent pieces (3 Kernteile und 2 Schlingen). 
g. 

Nuclei Na 2 round pieces and 3 bent pieces (2 Kernteile und 3 Schlingen). 


Nucle| with 1 round piece and 4 bent pieces (1 Kernteile und 4 Schlingen). 


For clinical purposes Arneth arranged the various forms 
found in 100 neutrophiles as a neutrophilic blood picture as 
follows : 


W.B.C. M. Class II 


KIS 2K281K-18 3K ISIK-28 4K 4S3K-182K-28 1K-38 
5K 6S 4K-18 3K-28 2K-38 1K-4S 

Each neutrophile as he observed it was counted under the 
subdivision of the class in which it belonged; as for instance, 
a neutrophile with a nucleus as in Fig. 8 would be placed under 
2K18S of Class III. If any myelocytes were ob- 
served they would be placed under M as myelocytes or embry- 
onic neutrophiles. 

Arneth finds the neutrophilic blood picture of normal per- 
sons to be—(the numerous sub-divisions are not quoted in this 
paper)—: 

W.B.C. M. 


sub-division 


Class I Class IT Class ITI Class IV Cings Vv 


$,000° 0 5 26 36 28 

In tuberculosis the older neutrophiles are continually used 

up and so the large proportion of neutrophiles shifts to the left 
side of this picture as 


Then if the patient recovers and so uses up fewer of the older 
forms, the proportion of neutrophiles again shifts to the right 
side of the picture. According to Arneth, every case where 
there is even a slight shifting to the left of the neutrophiles 
ean be diagnosed as tuberculosis, but our observations show 
that this is probably not so and that other conditions than 
tuberculosis may give the neutrophilic blood picture with only 
a slight shifting to the left, so that for diagnosis or prognosis 
the other blood cells as well as the neutrophiles must be con- 
sidered. 

Investigation was undertaken at the Bellevue Hospital, New 
York City, under the charge of Dr. J. Alexander Miller, head 
of the Tuberculosis Out-Patient Department, to determine 
whether this work of Arneth’s 
especially whether it had any value in regulating the use of 
tuberculin. In this work over 200 cases were observed with 
an average of 30 counts on each case. Some of these cases 
were observed for a period of three years, and on each of these 
about 100 counts were made. 

The division of the neutrophiles into classes according to the 
lobes of the nucleus sounds simple, but when a number of 
counts had been made, it was found almost impossible as well 
as of no especial value to keep to Arneth’s sub-divisions, so 
it was decided to note only the class in which the neutrophile 
belonged and not the kind of lobes. The threads connecting 
the lobes of the nucleus are of varying length and thickness 
and the bending of the lobe to form “Schlingen ” 
varying degrees, so that the decision as to whether a bent lobe 
shall constitute one lobe or two lobes of the nucleus, will always 
vary according to the personal equation of each individual in- 
vestigator. In these observations all bent lobes of the nucleus, 
where the nuclear bridge was large enough to admit of good 
nuclear network, Fig. 21, were classed as one lobe, but where 
the nuclear network is condensed into a coarse thread, Fig. 22, 
or a fine thread, Fig. 23, they were classed as two lobes. The 
question as to whether one lobe of the nucleus is on top of 
another was always decided by careful focussing with a high 
power. Any very questionable case was not counted. The 
study of the blood smears, to obtain the neutrophilic blood 
picture soon showed that changes were to be noted among the 
other cells of the blood, so a blood picture was made, which 
would include all the white blood cells, but as no definite 
change was found in the other cells only the number of each 
present was noted. 

Two hundred neutrophiles were usually counted, never fewer 
than 100 and the number of the other kind of white blood 
cells observed while counting these were noted, making a blood 
picture as follows: 

Neutrophiles of Class I, Class II, Class [11, Class IV, Class 
V. Large Lymphocytes. Small Lymphocytes. Eosinophiles, 
Basophiles and the number of white blood cells. 
the blood of a normal person give a blood picture as follows: 


was of practical value clinically, 


is also of 


Smears from 


ClassI If IV V LL. S.L. E. B. W.B.C, 


| 
| 
| 
| 
| 
| 
| 


130 JOHNS HOPKINS HOSPITAL BULLETIN. 


In case a differential blood count is desired it can easily be 
computed from the complete blood picture. 

Many schemes for an index were devised for tabulation pur- 
poses and it was finally decided that the changes in the blood 
picture would be more clearly shown if the number of neutro- 
philes in Class [+Class I] and one-half of Class III, as 
compared with the number in one-half of Class [11+ Class 
I1V+Class V was used as an index. This same index was 
used in some observations by Bushnell and Treuholtz, which 
appeared later. In the normal blood picture there is about the 
same number of weutrophiles on each side, ¢. e. 


Index = 48: 52 

From a study of the neutrophilic blood pictures from over 
30 supposedly normal persons, the normal blood picture was 
found to be 


I il Il iv V LOL SL. E. B. W.B.C. Index 
18 8,000 48: 52 


But the study of these blood pictures showed that a blood 
picture with an index anywhere between 45:55 and 55:45 
may be considered normal. 

The index is usually written as the number on the left side 
in tabulations. 

The blood pictures from a few of the tuberculosis patients 
are given below. 

Patient A.—A young woman who was clinically considered a favorable 
case. She has neither gained nor lost, but has seemed to improve 
slightly under the tuberculin treatment. The blood picture shows 
an improvement after her return from the country, but she returned 
to work against advice and soon returned to her earlier condition. 
This patient died during the late summer of 1909. 


Date (1 2.34415 E. M.| Leue. | Remarks 


1907 
May 6..... 21/41 27| 8} 2) 0 0) 75.5 | Tuberculin. 
May 17 22 34 30.12) 2) 0 0 | 
May 20..../284320/ 90/0) O|..| ...... 
May 24..../26412412 20 0 132 79 
May 31 \24 40 2710, 2) 0 0) 0; 0 0 11,000 77.5 
June 7 .../26 37 2014) 2) 0 0; O| 0 12,000 | 
June 10.../2031,8117 1; 0) 18) 18); 2) 1 11,000 | 66.5 
June 24.../2041 2811 0, 0 ll | 2 1 10,000 
Away to country. | | 
Sept. 31...| 22; 6, 0} 2) 3) 2 8,000 59 
Oct. 14..../10 36.3912 3 0, 28 6| 2 11,200 | 66.5 
++{16 87/8112, 4 0 12 ll 2 13.600 68.5 | 
15 6 0) 16 7 1 10,000 63.5 | 
1 0) 16 5] 4] 2 12,600 73.5 
9147/88 6 4:0) 18 12/ 4] 1] 12,800 72.5 
1 0) 24 6) 2 10,000 65.5 
(12462210 0 0 26 15 | 6 11,000 | 74 
2,0) | 6 5 0) 13 200 65.5 
Dec. 2..... 1641/2714 2 0) 28; 2] 2] 12,000) 70.5 
| | 
1908 
Apr. 3....|14 43/34 9 00 18 9/ 3] 12,000) 74 
Apr. 22.... | | | 
May 4...../28 4428 4 0 1 21 2 3 0 12.000 
May 26 ...|165125 6 0 0 19 8| 0; 0 2,200 | 79.5 
Nov. 15....{184925 710 20 83] 2] 10,200 79.5 
Nov. 26..-.| 9383813 2 0, 12 4; 2] 0 14,600 | 66 
1909 
Feb. 28....|174830 8 20 17 7) 4 0 13.000 75 
Mar. 9..... 843341440 21 1 0 13,200 66 
Mar. 21....| Reacted to tuberculin. | | 
Mar. 28....|11/3742 2)0 9 a} 8 0| 14,000 69 
Mar, 27....|12'37.30 18) 3) 0 15 4 0 12,000 64.5 
Apr. 3.....|10)38/83 18) 1/ 0 12 | 5| 3 1 13,400 69.5 
Apr. 27....| 11/37 32 16) 3) 0 9; 4 1 12,3800 
May 4..... 13/4035 9°30 10 1) 1 13,000 70.5 
May 18....| 9443313 1 0 15 | 8 1 1 14,000 69 | 
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Patient B.—A young woman who has shown decided improvement 
under the tuberculin treatment. She has returned to work, and 


except for a bad cold has been well all winter. 


1907 
May 3........../ 9 1] 0 0 Ol 65 
May 8) 1; 0 0 0; 0! 64 
 £ 9 4 #10 3 0 0 0 0 
May 2........., 6@| @|3t|@ 8 0 0 0 0 0 9,000 44 
le ae 5 2 37 | 23 3 0 31 23 4 0 7.3800 50 
co, 8 36 35 19 2 0 0 0 0 0 8,090 61 
June 10........ 8 18 ®)| 3) ll 0 2E 23 1 0 9,000 42 
June 24.. 10 27 | 2 2 36 8; 2; 0 10,000 51 
Away for summer. 
2/13 31 41:8 0 31 24 9,000 | 46 
Gone back to work. 
Dee. 18........ Has bad cold. 
8 | 34) 33) 18] 2 . 20 18 3 0 10.000 61 
Away ut work. 
1908 
March 0 36 39 8! 0 10,000 47 


Patient E.—A married woman with two children whose husband haa 
died with tuberculosis some years before. This patient received the 
tuberculin treatment, but never improved noticeably, and finally 
died in February, 1908. 


Date 6 LL. 8.L. E. Leuc. Index Remarks 
1907 | 
June ../16 402416 4 18 12 3/ 2 12,000 68 Tuberculin. 
00 10 4] 0 11,600 78.5 
20 W 1 12,200 %% 
60 2 7| 2! @ 12,000 73.5 
40 2/138 9.000 77.5 
10 0| 2 10,600 79.5 
710 #18 2/1/11 13,200 82 
2} 0| 27 8 4] 0 10,000 7 
0} 0; 34; 18, 4/ 0 12,000 
8 5] 0 12,600 76 
Nov. 15.../17/382815 2.0 16 6| 6/ 1 13,000 | 69 
Nov. 18.../10/49 26:15 0/0 22 6 8/1 2,000 
Nov. 22. ..|20 50 20 000 2 4 15,000 80 
Dec. 16,.../24/49 20, 7 0/0 16 4/1 18,000 83 
#819800 15 3] 2 14,000 | 
1908 | | 
Jan. 10.... 265213 00/0 6 1 @ 18,000) 84.5 


The study of the many blood pictures made from these 
cases together with the clinical data showed that all the cases 
where, through several observations, the blood picture gave a 
shifting to the left without an increase in the number of large 
lymphocytes and without a decided leucocytosis, the tubercu- 
losis bacilli were either found in the sputum or the patient 
showed the clinical signs of tuberculosis. However, where there 
was but a slight shifting to the left with one observation, these 
cases sometimes developed into something other than tubercu- 
losis. Also a number of cases of poor resolution in pneumonia 
gave the tubercular blood picture except that in these cases the 
number of large lymphocytes usually remained higher than in 
tuberculosis and the number of eosinophiles increased. These 
observations led to the conclusion that this blood picture was 
not of great value in diagnosis except where a number of ob- 
servations could be made. In this case then, Arneth’s neutro- 
philic blood picture which takes no account of the other cells 
of the blood can have no diagnostic value. It was hoped that 
this blood picture would prove of great value in detecting in- 
cipient cases where the clinical signs were not clear, but 
unfortunately the blood picture is not of much diagnostic value 
there. The study of these blood pictures did show, however, 
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that is of great value in prognosis as it is a much more 
delicate and certain indication of the patient’s condition than 
any other clinical sign. 

These observations upon tubercular patients suggested a 
number of experiments in order to understand as far as possi- 
ble the changes which take place in the blood picture. These 
experiments were largely carried out at the /nstitut fiir Infec- 
tionskrankheiten, Berlin, Germany. A few of the most inter- 
esting are given below. 

1. Various fixing and staining experiments. 

‘his was partly suggested by a paper of Pollitzer’s which 
appeared in 1907 and condemned Arneth’s work on the 
ground that the lobes of the nucleus were artifacts due to 
killing and fixing and especially to Wright’s method of dif- 
ferential staining, and also partly suggested in an attempt to 
find the best method for preparing the blood smears so as to 
get the clearest nuclear picture for the blood count. Blood 
smears from three subjects whose neutrophilic indices were 
45, 52 and 60 were spread as thinly and as evenly as possible 
upen slides, which were absolutely clean and as sterile as con- 
ditions permitted. These smears were killed in most of the 
well known cytological methods such as osmic acid, strong 
Flemming, formalin, corrosive acetic, hot aleohol acetic and 
various others, also many were dried and then treated with 
methyl alcohol. One slide from each of the above methods of 
killing was then stained either with Wright’s differential blood 
stain, Jenner’s blood stain, methylene blue and eosin, iron 
hematoxylin, Delafield’s hematoxylin and eosin or with safra- 
nin, acid fuchsin and orange G. All the slides gave a more or 
less clear nuclear picture. Those killed with strong Flemming 
or osmic acid and stained with iron hematoxylin were the least 
satisfactory, while those killed with hot alcohol sublimate and 
stained with iron hematoxylin gave the clearest and best nuclear 
picture, but of course this method is useless for bedside work. 
Wright’s was the most satisfactory method because it was the 
simplest and gave a very good nuclear picture as well as 
differentiated the different types of leucocytes. Jenner's 
stain was useless in that the nuclear picture was poor. The 
other methods gave good nuclear pictures, but not better than 
Wright’s. The slides prepared were all counted with a key 
so that at the time they were counted it was not known from 
which of the three subjects the smear had been made. All the 
smears from any one of the three subjects gave practically the 
same index and the indices for the smears from the three sub- 
jects remained the same regardless of how the smear had been 
killed and stained. These experiments establish the fact that 
the state the nucleus of the neutrophile assumes in the killed 
and stained cell is something definite and dependent upon the 
state of the living cell and is not dependent upon the 
method of preparation. They also show that Wright’s method 
is the best method of preparing smears for the neutrophilic 


blood picture. It was found that blood cells will live on an 


agar medium sometimes for several days and in observing 
these living cells it was seen that there are certain times when 
the nucleus shows up as a clear refractive body surrounded by 
the granules and in preparations made from the blood of normal 
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subjects all the classes found in the stained preparation are to 
be observed among these living cells. Also if a thin smear is 
made over an agar plate and this is passed over chloroform 
vapor, the nucleus stands out as above and this preparation 
will give the same neutrophilic count that the stained prepara- 
tion from the same subject gives. 

Another experiment, that of stretching the nucleus was tried 
in order to see whether what appears to be one lobe could be 
drawn apart into several. Pollitzer claims that what appears 
to be but one lobe of nucleus is really many pieces of the nucleus 
lying close together (Fig. 24), and made to seem as one by the 
stain. Slides were scratched with emory paper and then the 
drop of blood drawn slowly across these scratches in order if 
possible to catch and tear the cells in the scratches. Although 
the cells of these preparations were badly torn and stretched 
the neutrophilic blood picture remained the same as when 
smears from the same subject had been prepared in the usual 
manner. Figures 25 and 26 show the neutrophile badly 
stretched but the nucleus is also stretched and does not give 
a greater number of lobes than normally. 

2. The normal blood picture in man and in guinea pigs. 

Smears were prepared from about thirty different subjects 
whose condition was, as far as known, normal. These different 
blood pictures gave indices, which varied slightly from each 
other and yet varied within a small range, which could be called 
normal. This blood picture corresponds as far as the neutro- 
philes are concerned very nearly with that of Arneth, which 
was taken from a large number of cases. 

Smears were obtained from a few subjects at different times 
of day extending over periods of a week or several weeks and 
in two cases extending at intervals over a period of two years. 
The results in these cases, show indices, which vary but not 
definitely enough to be attributed to any one cause and the 
amount the index varied was usually so slight as to still come 
within the normal blood picture, which for man is 


ClassI V L.L. B. W-.B.C, 
52 2 % 5 2 8 1 0 8,00 
Ten guinea pigs were studied, for a period of two weeks. 
Smears were made from drops of blood taken from the ear 
every two or four hours during each daytime. The results gave 
a blood picture comparable to that of man except that the neu- 
trophile usually has a larger number of lobes than in man. 


ClassT Il IV V VI LL SL. E. B. W.B.C. Index 
& 680 10,000 42: 58 


The blood picture as shown by guinea pigs varied so much 
more for the individual animal than it did for the individual 
person, that in all experiments with guinea pigs smears were 
made from the animal each day for a week or ten days before 
the experiment in order to obtain the normal for each animal. 

3. The effect upon the neutrophilic blood picture by inocu- 
lation of virulent cultures of tuberculosis bacilli. 

Guinea pigs were inoculated subcutaneously with varying 
amounts of an emulsion of a culture of virulent tuberculosis 
bacilli. They all gave a blood picture much like the one which 
follows, except, that those animals, which received a larger 
quantity or a stronger emulsion of the bacilli, showed the 
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typical tuberculosis condition more quickly, while those, which 
received a smaller quantity or a weaker emulsion reached that 
condition more slowly. 

Guinea Pig VI, Inoculated with 3-Cmm, Strong Emulsion of 
Tuberculosis Bacilli. 


VITL W.B.C, 


I Vivi Vi | vu Index 
Before inoculation. 3/21 8/;38 6 5 9,000 40-60 
Attimeofinocultn. 4 19 36) 30 6 5 9,600 41-59 
3 hours after........ 2 14 12 —10 10 000 30-70 
12 hoursafter.... ? 4 146% 19 10 10 5 10,200 13-87 
24 hours after........ 2 5 18 | 11 6 2 15,000 16-84 
48 hoursafter... ... 38 9 18| 3 16 10 6 16 400 21-79 
4 days after.......... 8 12 3 2 14,000 34-66 
8 days after........... 4 18 98/290) 8 2 an 13.200 41 59 
12 days after.... ..... 6 2 13.400 49-51 
18 days after......... 16 38 40) 6... os 13,200 74: 26 
21 days after......... 12.000 84: 16 
26 days after......... 24 53 28 13,000 87:13 


Killed— Lungs, liver, and spleen full of tubercles. 

These blood pictures show that within a few hours after the 
inoculation there is an increase in the number of neutrophiles 
with the larger number of lobes to the nucleus, t. ¢., the blood 
picture shifts to the right, and then follows an increase in the 
number of leucocytes. The shifting to the right of the blood 
picture remained a few days and then gradually returned to 
normal. After ten days or two weeks, in some cases longer, the 
number of lobes of the nucleus began to decrease, t. e., the blood 
picture began to shift to the left while the number of leucocytes 
remained about the same or increased very much in dying 
eases. This condition continued until there were present in 
the blood only those neutrophiles with a nucleus of one, two 
or three lobes. 

4. Blood on agar media with tuberculosis bacilli. 

In 1908 it was found that bone-marrow cells, or blood cells 
will live and divide when kept on an agar medium (agar 0.5 
gm., bouillon 20 ce.+Locke’s sol. 80 cc.) in a Petri dish at 
37° C 

A large drop of fresh flowing human blood was placed on an 
agar plate; to one side of the drop was placed a very small point 
of virulent tuberculosis bacilli. 
kept at 37° C, 
the side of the drop next to the bacilli as well as from the side 


The agar plate was then 
and smears were made every five minutes from 
away from the bacilli. The blood pictures showed an increase 
in the number of lobes of the nucleus of the neutrophiles from 
the side of the drop which touched the bacilli in as short a 
time as 10 or 15 minutes, while the nucleus of the neutrophiles 
from the side away from the bacilli remained normal. Leu- 
cocytes washed free from the plasma by the same method as is 
used in the opsonic work give the same results as the blood 
leucocytes. 

5. Neutrophilic blood picture in the opsonic work with 
tuberculosis bacilli. 

Many of the slides studied were obtained through the court- 
esy of Dr. Park of the Board of Health, New York City, and 
others were prepared by the observer. A standardized emul- 
sion of dead bacilli was used with washed leucocytes and in- 
cubated 15 minutes at 37° C. In all cases the blood picture 
from these smears showed a decided increase in the number of 


lobes of the nucleus of the neutrophiles. Neutrophiles with 
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nuclei of 6, 8, 10, 12 and in one case 16 lobes were found (see 
Figs. 27 and 28). On the other hand sterile washed leucocytes 
without the addition of the bacilli, incubated 15 minutes did 
not undergo any change with regard to the neutrophilic blood 
picture. 

An interesting observation in this experiment is that the 
neutrophiles taken from tubercular subjects show a great dif- 
ference in their ability to react to the tuberculosis bacilli in 
this manner, which shows itself by an increase in the number 
of lobes of the nucleus of the neutrophile. Washed leucocytes 
from a subject in an advanced stage of tuberculosis do not 
react at all. The fact that neutrophiles from different cases 
react in different degrees shows that the serum of the blood is 
not the only important factor in the greater or less resistance 
of the individual to bacteria and quite agrees with the argu- 
ment presented by Vietch, in his paper on a new opsonic 
method, that it is a surer as well as a simpler method to take 
the leucocytes from the same individual as the serum is ob- 
tained, on the ground that the serum is but one part of the 
blood, while the whole blood is concerned in the resistance. 
Although it is at present impossible to say just what this change 
of the nucleus of the neutrophiles means, the fact that it does 
change at all, shows that the neutrophile is sensitive to its en- 
vironment and probably plays an important part in the resist- 
ance. It is possible that this may show what Arneth claims, 
i. e., that the older forms are used up by coming in contact 
with the bacilli. However, this reaction is in no way one of 
degenerative fragmentation, as may be seen from Figs. 27 and 
28. The nucleus of 8 or 10 lobes is as healthy looking as the 
one of 3 or 4 lobes. 

6. Effect of contamination. 

Blood drawn from the end of a finger purposely made dirty 
and smeared on a slide, which was not clean, gave a blood 
picture which showed a slight increase in the number of lobes 
Blood was drawn from a 
sterile finger and placed both in small glass chambers, which 


of the nucleus of the neutrophile. 


were sterile and in others, which were dirty and incubated 
10 minutes. That in the sterile chambers gave a normal 
neutrophilic blood picture while that in the dirty chambers 
gave a blood picture in which some of the neutrophiles had a 
nucleus of 8 or 10 lobes (Figs. 29 and 30). 

Guinea Pig X developed an open abscess at the point of entrance of 
the needle, and the subsequent blood pictures instead of resembling 
those of the tubercular guinea pig showed a decided shifting to the 
right, due to the infection with a pyogenic bacterium. 


7. Effect of inoculation with snake venom. 

Guinea pigs or rabbits were inoculated with small quantities 
of snake venom and smears made from blood from the ear, also 
from the bone-marrow cells. The blood pictures from these 
smears showed all the neutrophiles with nuclei of many lobes 
and often so many lobes that the nuclei had the appearance of 
a rosette. 

The conclusions from these experiments are, first, that the 
neutrophile is a delicate organism, which reacts quickly and 
definitely to its environment and that this reaction may in a 


by the 


measure be judged by the condition of the nucleus, 7. ¢., 


FIG. 1 FIG. 2 FIG. 3 FIG. + FIG. 5 FIG. 6 
FIG. 7 FIG. 9 FIG. 10 FIG. 11 FIG. 12 
FIG. 13 FIG. 14 FIG. 15 FIG. 16 FIG. 17 FIG. 18 
FIG. 19 FIG. 20 FIG. 21 FIG, 22 FIG. 23 
FIG. 26 
FIG. 27 FIG. 28 FIG. 29 FIG. 30 
DESCRIPTION OF FIGURES. 
Figs. 1-20. Neutrophiles whose nuclei show the number of pieces Fig. 24. Drawing taken from Pollitzer’s paper to show many pieces 
according to the classification of Arneth’s blood picture. of the nucleus. 
Vig. 21. Neutrophile with a bent nucleus, which is counted as one “igs. 25 and 26. Torn neutrophiles with stretched nuclei, 
lobe. Figs. 27 and 28. Neutrophiles with many lobed nuclei ingesting tuber 
i Figs. 22 and 23. Neutrophiles with a bent nucleus, which is counted cle bacilli. 
as two lobes. Figs. 29 and 30. Neutrophiles with many lobed nuclei due te con- 


tamination. 
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number of lobes of the nucleus. Second, that when the nuclei 
of the neutrophiles have a larger number of lobes than normal, 
it probably indicates some immediate reaction of the neutro- 
philes to a change in their environment, such as snake toxin 
or the presence of some bacteria. Third, that when the neutro- 
philes have nuclei with fewer lobes than normal, they are prob- 
ably reacting slowly to some change in their environment, so 
that the neutrophiles with the larger number of lobes of the 
nucleus are used up and only those with the fewer lobes are 
left in the circulating blood or else that the neutrophiles fail 
to react in such a way as to cause a change in the nuclei and 
so remain in almost the same condition as that in which they 
entered the blood. Fourth, that the neutrophilic blood picture 
index, shows the condition of the nuclei of the neutrophiles and 
since the condition of the nucleus is probably an indication of 
the condition of the neutrophiles of the blood, we can judge to 
some degree by the means of the neutrophilic index of the con- 
dition of the patient. * 

In the spring of 1910, Dr. Miller turned over to Mr. C. J. 
Diolet, an expert statistician, all the blood pictures as well as 
all the clinical evidence upon the cases observed at the Bellevue 
Hospital and from this data Mr. Diolet formed a number of 
statistics and charts, which will appear in a paper in collabora- 
tion with Dr. Miller. A few of the most interesting of these 
are briefly quoted below. 

1. The number of leucocytes in incipient tuberculosis is be- 
tween 9874 and 10,209; while this is slightly higher than most 
observers have found, it is not markedly different. There is a 
distinct increase in the number of leucocytes with the progress 
of the disease. Moribund cases show a marked leucocytosis of 
26,300. The number of leucocytes in tuberculosis is 
of itself of much prognostic value since in these observations 
their number corresponds with the subsequent (2 years) 
history. 

2. The percentage of neutrophiles varies from 64.4 in non- 
tubercular cases to 78.5 in dying tuberculosis cases. This in- 
crease of the neutrophiles in the more unfavorable cases is very 
marked and indicates an unfavorable prognosis. 

3. The large lymphocytes according to the statistics show 
no apparent relationship with the progress of the disease. 

t. ‘The small lymphocytes on the other hand did show a very 
close connection with the course of the disease and this connec- 
tion might of itself be used as a means of prognosis. In non- 
tubercular cases and in incipient cases, those cases with good 
prognosis and those cases whose subsequent history showed im- 
provement gave between 9 and 11 per cent of smal! lymphocytes. 
The more advanced cases show between 4.1 and 6.2 per cent, 
while the moderately advanced cases and those with doubtful 
prognosis stand between and have between 7.5 and 7.9 per cent. 

5. The eosinophiles decrease with the progress of the disease 
until in dying cases they are entirely absent. 

6. The basophiles give no definite results. 


*. The neutrophilic blood picture was represented only by 
the index. The average index for non-tubercular cases is 54-46, 
the far-advanced cases 75.25 and all stages in between have a 
corresponding shift to the left in the index. The changes 
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noted for the neutrophilic blood picture were more constant 
than any other change in the blood and much more so than any 
of the usual clinical signs and symptoms. In diagnosis the 
usefulness of the neutrophilic blood picture is not great when 
taken by itself as other conditions may give a slight shifting 
to the left, but when considered in connection with the other 
blood cells and when more than one observation is made, it may 
be of diagnostic value. In prognosis, however, both at the 
time of examination and during the course of the disease, the 
degree of shifting to the left is an exceedingly sensitive indica- 
tion of the resisting power of the individual and of the progress 
of the disease. 

Cases with slight lesion but unfavorable blood picture almost 
invariably do badly, but, on the contrary, those with extensive 
lesions and fairly good blood picture show a marked tendency 
to resist the disease. Moreover, it has been found during the 
clinical observation of a case that its real progress, in one 
direction or the other, can usually be more accurately antici- 
pated by the change in the blood picture than by any other 
clinical means. Even clinically apparent cures are insecure 
unless the blood picture has come to approach the normal. 


1. Non-tubercular cases, 
W.B.C. Neutrophiles LL. S.L. E. B Index 
64.4 17.5 54-46 


10,209 1.5 18.8 5.8 
2. Incipient tuberculosis. 

9,874 72.4 14.4 9 3.7 -& 64 36 
3. Advanced tuberculosis. 

10,200 74 15.2 7.9 2.4 -52 67-38 
4. Far advanced tuberculosis. 

13,208 77.9 13.9 6.2 1.5 .44 75-25 


Cases with good prognosis. 
9,398 71.8 14.8 9.1 3.7 = .63 60-40 


Cases with poor prognosis. 
12,488 77.1 13.4 7.5 16 72-28 


Cases which showed subsequent improvement. 
9,323 71.6 14.9 9.9 3.0 56 60-40 


Cases which subsequently did badly. 
18,897 77.3 14.5 5.9 1.86 .48 75-26 


Through the kindness of Dr. George Lockwood and Dr. 
William Draper, of the Bellevue Hospital, a number of ob- 
servations were made in connection with Dr. J, Alexander Mil- 
ler upon cases of pneumonia and later through the kindness of 
Dr. Lewellys F. Barker, the same work was continued at the 
Johns Hopkins Hospital. So far the results have not proved 
definite from the statistic side, but in the individual case it is 
of prognostic value; especially is it of value in determining 
whether a case of delayed resolution is tubercular or not. Some 
cases showed a marked shifting to the right and the lobulation 
of the nucleus reached 7 or 8 pieces. Such cases showed puru- 
lent infection at the post mortem examination. The eosin- 
ophiles remain normal during acute stages, but increase after- 
wards, especially in cases of delayed resolution. 

Most cases showed a moderate shifting to the left of the 
neutrophilic blood picture, giving an index anywhere from 
60-40 to 80-20, which index tends to return to normal upon 
defervescence with good resolution. 

In six cases of delayed resolution the index 64-36 continued 
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high, while the number of leucocytes decreased to normal or 
below normal, and the number of large lymphocytes decreased. 
These cases gave a typical tuberculosis blood picture and later 
the bacilli were found in the sputum. 

In the three cases of appendicitis, the blood picture showed 
a decided shifting to the right, and neutrophiles with nuclei of 
6, 7 and 8 lobes were present. Upon operation these cases 
showed a purulent condition of the appendix, while in one case 
where the blood picture was practically normal the operation 
showed no infection of the appendix. 

Several cases of abscess showed the shifting to the right in 
the early stages. The following are a few typical blood pictures. 


ClassI Il [V V VI VII L.L. E. B. W.B.C. Index 


Normal....... 5 2 26 6 20 8,000 48-52 
Tuberculosis.. 14 40 36 18 5 1 12,000 72-28 
Pneumonia .. 20 40 30 & 8 1 18.000 75-25 
Pus case... .. 4 14 18) ® 21 ” 3 2 6 1 1 24,000 27-T 


The conclusions from these observations may be briefly 
stated as follows: 

The neutrophile is an organism, which reacts quickly and 
definitely to its environment and the condition of the nucleus 
as shown by the number of lobes, may be taken as an indica- 
tion of the condition of the neutrophile. Under normal con- 
ditions the nucleus does not show more than five lobes, but 
the presence of certain abnormal conditions may cause it to 
show as high as 8 or 10 lobes, while certain other conditions, 
such as tuberculosis, may prevent it from having more than 
1,2 or 3 lobes. These changes of the nucleus together with the 
other blood cells and the number of white blood cells form a 
picture, which can be used to determine the condition of the 
patient. 

This neutrophilic blood picture together with the differential 
blood count is of great value in prognosis in tuberculosis, but 
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NOTES ON 

A Text-book of Gynecological Surgery. By ComMyNs BERKELEY, 

M.D., M.R.C.S. (Eng.), ete. and Vicrork Bonney, M.D., 

F.R.C.S. (Eng.), ete. (New York: Funk & Wagnalis Co., 
1911.) 

This work describes briefly but clearly the technique of 
the various gynecological operations as practiced by one of the 
leading schools of English gynecologists. It discusses also opera- 
tive indications and dangers, as well as ante-operative prepara- 
tion and post-operative treatment and complications. There are 
numerous black-and-white schematic illustrations and a con- 
siderable number of colored plates, all of which are of mediocre 
artistic merit, but nevertheless are quite helpful in elucidating 
that text. The authors have succeeded admirably in presenting 
a very complete treatise in a condensed and readable form, 
which will doubtless be gratefully received by the American 
profession. E. H. R. 


Dyspepsia: Its Varieties and Treatment. By W. Sotrau FEn- 
wick, M. D. (London). Illustrated. Price, $3.00 net. (Phila- 
delphia and London: W. B. Saunders Company, 1910.) 

This work treats of disorders which are certainly frequent 
enough to justify a special discussion of their features. One 
searches at once for a definition of the term dyspepsia, but the 
author, probably very wisely, does not give one in set words. 


not of much value in diagnosis. It is of value in determining 
the presence of pyogenic bacteria in pneumonia or an abscess 
and may be of value in detecting a purulent condition of the 
appendix. In connection with the number of white blood cells 
and the number of lymphocytes it is of value in distinguishing 
between a case of poor resolution in pneumonia and tubercu- 
losis. 

It is of especial value in the prognosis of any disease where 
it is of use to determine the metabolic activity of the patient 
or the resistance to disease as any condition of lowered vitality 
is quickly detected by this blood picture. 
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NEW BOOKS. 


Perhaps he considered that the text sufficiently described what 
he included under the term. The author points out certain 
things which are essential to keep in mind if one is to have 
any clear ideas of this subject. One is that a disorder of d:ges- 
tion is rarely due to primary disease of the stomach. This is 
one point often entirely disregarded in practice and when it is 
more fully recognized there will be a falling off in the use of 
many drugs given for gastric disorders. In this connection, 
however, the author does not seem to attach enough importance 
to gastric derangement secondary to general nervous disturb- 
ance. He gives the principal place to primary disease of the 
liver, pancreas or bowel. These play a part but it is doubtful 
if it is the main one. Then he takes a fling at the terminology 
employed for gastric disorders; with this we are in hearty 
agreement. He seems to have written a volume on gastric dis- 
order without coining any new terms for which commendation 
is due and it is to be hoped the example will be followed by 
those who come after. Of intestinal indigestion he says that 
it “almost defies chemical analysis,’ which is a comforting 
statement when we are in despair over our inability to properly 
classify examples of it. 

Of this work as a whole it can be said that the discussion 
is well done, the descriptions accurate and the treatment sensi- 
ble. However, there are some statements which should be quali- 
fied. Thus it is not safe to make a diagnosis dogmatically in 
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the presence or absence of one particular symptom. For example, 
to state that in hyperacidity there is no vomiting is hardly 
correct. The use of the term gastric neurasthenia is not to be 
commended. Why not as well speak of gastric psychasthenia 
or gastric hysteria? In the discussion of the so-called gastric 
neurasthenia, the author seems to put the cart before the horse. 
Thus the text suggests that the often accompanying mucous 
colitis is in consequence of the gastric disorder, whereas both 
are usually results of a common cause. 

There is an excellent section on dyspepsia which occurs 
secondary to other diseases with particular reference to the 
disturbances in tuberculosis. The discussion of the digestive 
disorders of infancy and old age is useful and worthy of special 
note, especially the latter section. The care of the health of 
the aged is worthy of more attention than it usually receives. 

Altogether this work is to be commended as an excellent 
guide in the management of the various forms of dyspepsia. The 
treatment advised is usually sound but there are some points 
which might be given more emphasis. For example the need 
of attention to the teeth hardly seems to have received sufficient 
mention. Often a dentist is needed more than a _ physician. 
Again the question of proper chewing of the food would seem 
worthy of more notice than it receives. But these suggestions 
must not be regarded as serious criticisms and Dr. Fenwick is 
to be congratulated on the excellent volume which he has writ- 
ten on a difficult subject. 


The Practice of Medicine: A Guide to the Nature, Discrimination 
and Management of Disease. By A. O. A. M., M.D., 
Assistant Professor of Medicine in the University of Penn- 
sylvania and Assistant Physician to the University Hospital, 
Philadelphia. Illustrated. (Philadelphia and New York: 
Lea & Febiger. 1910.) 


This excellent text-book is a monument to the industry and 
ability of its author, who was so recently cut off at the height 
of an active and successful medical career. Although a com- 
paratively young man, few clinicians were better equipped to 
write a text-book on medicine. Dr. Kelly was a keen clinical 
observer and his bedside training was supported by an extensive 
pathological experience in the autopsy room. His thorough 
familiarity with medical literature has enabled him to incor- 
porate in this volume of 945 pages, practically all the important 
recent contributions to our knowledge of medical affections. 
Although the author states that the volume is intended especially 
for medical students and the junior practitioners of medicine, 
nevertheless the teacher of medicine can turn to its pages with 
a certainty that he will find the most modern views concerning 
the etiology. symptomatology, pathology and management of 
the various medical diseases dealt with. 

The subject matter is treated under twelve sections. These 
are arranged in the following order: Infectious Diseases: In- 
toxications; Disorders of Metabolism; Diseases of the Ductless 
Glands and of Internal Secretions; Diseases of the Blood and 
Hemopoietic System; Diseases of the Circulatory System; Dis- 
eases of the Respiratory System; Diseases of the Digestive 
System; Diseases of the Urinary System; Diseases of the Ner- 
vous System; Diseases of the Muscles; Diseases of the [ones 
and Joints. 

The author has made an interesting subdivision of the infec- 
tious diseases. The first takes up the bacterial infections, which 
include the various diseases which are now known to be due to 
a specific organism. Then come the non-bacterial fungus infec- 


tions including such conditions as actinomycosis and pulmonary 
aspergillosis. The subdivision of zoéparasitic infections em- 
brace the protozoan infections such as ameebiasis, syphilis and 
malaria and the metazoan infections under which are described 
the intestinal, visceral and cutaneous parasitic diseases. 

With our advancing knowledge, one of the great difficulties 
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of an author must be to keep a text-book on medicine within 
reasonable bounds as to size. This the writer has been able to 
do. While some diseases are of necessity treated briefly, yet it 
is difficult to find a single affection that has escaped the writer's 
attention. The student and practitioner will find this volume 
a most useful addition to his medical equipment. 


The Surgery and Pathology of the Thyroid and Parathyroid 
Glands. By Apert J. Ocnusner, A.M., M.D., LL. D., and 
Ratrn L. Trompson, A. M., M.D. (St. Louis: C. V. Mosby 
Company, 1910.) 


In the preface the authors state that they have planned to 
bring to the practitioner of medicine and surgery the results 
of the study of the work of those who have given much time 
to the development of this special field. 

The work of 334 pages is divided into two parts, the first by 
Dr. Ochsner on the thyroid, the second by Dr. Thompson on the 
parathyroid glandules. Dr. Ochsner’s experience in thyroid 
surgery has been so large and varied that anything written by 
him demands the attention of both surgeons and internists. In 
the first part he discusses the surgical considerations of the 
thyroid gland, its pathology and the diagnosis and treatment of 
its diseases, both medical and surgical. Considerable space is 
devoted to the various operations on the gland, and the tech- 
nique of these operations is well described and profusely illus- 
trated. Chapters follow on the prognosis in exophthalmic goitre 
and heredity in goitre. 

The second part, by Dr. Thompson, deals with the anatomy, 
histology and tumors of the parathyroid glandules, and their 
importance in operations upon the thyroid gland. Our know- 
ledge of these interesting organs has been brought together by 
the author in a most concise manner. 

The book is well written and will be a great help to those who 
wish to find a resumé of our knowledge of these organs in a 
comparatively small space. 


Atlas of Microscopic Diagnosis in Gynecology. With Preface and 
Explanatory Text. By Dr. Rupotr Priv. Doc. Only 
Authorized English Translation. By Dr. P. W. Suepp. Illus- 
trated. Price, $5. (New York: Rebman Company, 1911.) 


Familiarity with the normal and pathologic histology of the 
female organs of generation is of fundamental importance to the 
gynecologist. Thus, for example, uterine hemorrhage is an 
exceedingly common symptom, quite often met with independent 
of any demonstrable gross lesion. In such cases the aid of the 
microscope must be sought, and forthwith one is confronted by 
the fact that there is quite a list of endometrial changes capable 
of producing this symptom, some of which may very closely 
simulate each other in histological appearance. Unfortunately. 
the most important diagnosis to be made, namely, that of 
malignancy, is thus rendered the most difficult. The vital im- 
portance and moral responsibility involved in such a determina- 
tion is, of course, obvious. It seems strange, therefore, that 
nearly all American works on gynecology, although excellent in 
other respects, are so censpicuously deficient in microscopic 
diagnosis. This English translation of Dr. Rudolph Jolly’s ex- 
cellent atlas will on this account prove most acceptable. The 
bulk of the work, happily, is concerned with physiological and 
pathological changes in the endometrium, which is of paramount 
practical importance. The plates are accurate reproductions 
of microscopic preparations, and are of an unusually high order 
of excellence. The descriptions, although a bit stilted in phrase 
ology, are judiciously short and comprehensive. Dr. Shedd is 
due the gratitude of the entire profession for his labor, but 
more especially of those whose reading is of necessity confined 
to the English language. The book should meet with ready 
acceptance. E. H. R. 
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Interne Klinik der Bosartigen Neubildungen der Bauchorgane. 
Von Priv.-Doz. Dr. Rupote Scumipr, Price, Mk. 14. (Berlin 
id =Wiewn Urban & Schiwarzenberaq: New York: Rebman 

Co TOIT) 
This book is divided into three parts: A, General: B, Special; 


and ©, Case Histories. Parts A and B together cover 175 pages, 
and Part C about 150. The author lays especial stress on his 
work on early and differcntial diagnosis, and also on subjective 
phenomena, “which are so often precursors of objective find- 
ings.” In Part B he describes cancer of the stomach 
(Vagenkrebs), carcinoma of the large intestine (Carcinome des 
Dickdarmes), primary and secondary cancer of the liver, car- 
cinoma of the gall-bladder, of the pancreas, malignant new 
growths of the kidney, and atypical malignant tumors of the 
abdomen. Students who can read German will find this work 
a useful guide in their study of these varied tumors. 


Gynecological Diagnosis. By Wavrer L. Burrage, A. M., M. D., 
ete. Lllustrated. Price, $6.00. (New York and London: 
D. Appleton & Co., 1919.) 

In view of the superficiality, incompleteness and _ practical 
worthlessness of many present-day medical works, it is dis- 
tinectly refreshing to meet with this excellent treatise of Dr. 
Burrage’s. Not only is the book conspicuous for its thorough- 
ness, logical arrangement, clearness and literary excellence, but 
the author has displayed wise selective judgment in the choice 
of subject-matter. Every chapter bears the unmistakable ear- 
marks of ripe knowledge and careful preparation. There has 
been modestly and gracefully incorporated, too, just a satisfy- 
ing amount of the author’s own views and statistics, based upon 
a large and varied clinical experience, to stamp the book with 
individuality. While, on the other hand, the numerous refer- 
ences to both the older as well as the very recent literature, at 
the same time that it adds a further attractive and valuable 
feature to the work, indicates clearly also the author’s breadth 
of mind and healthy regard for the work of others. 

Chapters on diagnosis of vesical, ureteral and rectal disorders, 
the gynecological affections of infancy and childhood, and on the 
menopause and old age are very properly included in the work, 
and are sufficiently full to be both instructive and suggestive. 

The chapters on diagnosis of uterine pregnancy, abortion, 
hydatidiform mole, and on diseases of the breast emphasize not 
only the close relationship existing between gynecology and 
obstetrics, on the one hand, and general surgery, on the other, 
but also the need of constant vigilance on the part of the 
specialist lest he become narrow and distorted in medical per- 
spective. 

The illustrations are well chosen, clear and helpful, and the 
publishers’ work has been well done. There is appended also 
an excellent index. 

Altogether the work speaks most creditably for the scholar- 
ship and scientific attainment of its distinguished author, and 
can be heartily recommended to students, practitioners and 
specialists alike. It is a distinct addition to gynecological litera- 
ture and deserves the unstinted support of the profession. 

E. H. R. 


A Texrt-book of Mental Diseases. By Evcenito Tanzi, Professor 
of Psychiatry in the Royal Institute of Higher Studies of 
Florence. Authorized translation from the Italian by W. 
Forp Rosperrson, M.D., C.M., and T. C. Mackenzir, M. D., 
F.R.C. P. (Edin.) Price, $7.00. (New York: Rebman Com- 
pany.) 

Professor Tanzi has been so long known as a leader among the 
Italian psychiatrists and as one of the editors of the Rivista di 
Patologia nervosa e mentale that this translation of his text- 
book, representing as it does a summary of his views on the 
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subject, will be weleomed by all those interested in psychiatry 
»iving a more convenient means of reference than the original 


vork. Certain changes have been made in the translation which 
make it more suitable for English readers, these being the 
omission of several descriptions of cases, the substitution of 
English specimens of handwriting, and the omission of the 
section dealing exclusively with the administration of Italian 
asylums. 

The book is divided into twenty-six chapters, the first entitled 
The Seat of the Psychical Processes, dealing chiefly with anat- 
omical data as shown by anatomy, pathology, and embryology, 
which gives us positive evidence of the existence of psychical 
centres but which Tanzi qualifies by the statement that “ The 
law that the functional processes are always pluricellular also 
holds, however, for these centres, as does also the law that 
every cell has the power of resisting or yielding to stimuli, and 
of reacting in various though similar ways. Further, the activity 
of a single cell never corresponds to an imaginable figure, 
whether it be of the most elementary or of the most vaguely 
symbolical nature, unless it is compounded with that of very 
many other cells, perhaps thousands, seattered here and there 
in the brain. For this reason the precise contents of the 
psyehical treasure-house, as also the degree of intellectual 
activity, will always be an enigma to the anatomist. Only the 
generic type of the intelligence, the enumeration of the func- 
tions that belong to the various cortical centres, and the feeble- 
ness or the extraordinary development of a psychical function, 
are problems capable of solution by anatomy, and of being made 
the subject of future corollaries through the clinical study of 
mental diseases.” By the study of the brains of exceptionally 
sifted persons, such as orators, musicians, etc., and of the brains 
of idiots and partial dements we may discern the outlines of a 
vast scheme of psycho-pathological anatomy, and psychiatry will 
cross “the narrow strait which separates it from the other de- 
partments of clinical science.” 

In the second chapter on The Causes of Mental Diseases, 
Tanzi avoids any prolonged or statistical discussion and comes 
to the conclusion that, “ among the causes of insanity, the ex- 
ternal act more widely than the internal; and among the ex- 
ternal causes, somatic disorders and social inequalities are more 
to be feared than intellectual overstrain, which has no harmful 
effect if not accompanied by hygienic errors and depressing 
emotions, and, therefore, also by trophic disturbances of the 
entire organism.” A statement which we believe will not be 
unqualifiedly endorsed by observers in this country. 

The next four chapters deal with Sensibility, Ideation, Mem- 
ory, and The Sentiments. Chapter VIII with Movements and 
other External Reactions. In Chapter IX upon the Classifica- 
tion of Mental Diseases Tanzi discusses those of Morselli and 
Kraepelin, and gives one of his own somewhat similar to the 
latter’s but more simple. 

The following chapters deal with Pellagra, Alcoholism, Amen- 
tia, Thyroid Psychoses, Progressive Paralysis, Infantile Cere- 
bropathies (acquired idiocy), Cerebropathies of Adults, Affec- 
tive Psychoses, Neurasthenia, Hysteria, Epilepsy, Dementia 
Precox, Sexual Perversions, Constitutional Immorality, Paranoia, 
and Imbecility. Under Amentia are included the exhaustive and 
infective psychoses, thus making of it a fairly large group. 
Mania Melancholia and the periodic psychoses are included un- 
der the Affective Psychoses. The various obsessions are grouped 
under Neurasthenia. The chapters on Sexual Perversions and 
Constitutional Immorality contain many wise reflections which 
could be read with profit by legislators, magistrates, and all 
concerned with the administration of laws as well as by the 
medical profession. Concluding the latter chapter Tanzi says: 
“Tf alienists would be firm and unanimous in declaring that 
congenital immorality is an anomaly, and not a disease, legis- 
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lators and magistrates would also be more precise and unani- 
mous in assigning to the immoral by nature a treatment that 
would reassure society, and still be in accord with justice and 
prudence.” 

The final chapter on Asylums opens with an_ interesting 
account of the development of the modern hospital for the 
insane and contains much wise criticism and suggestion. 

On the whole the book is a valuable addition to psychiatric 
literature and we should be grateful to the translators for per- 
forming their task so excellently. W. R. D. 
Die akute Leukdimie. Von Dr. Apert Herz. Price, Mk. 4.50. 

(Leipzig und Wien: Franz Deuticke, 1911.) 


This is a monograph of over 160 pages, based on the personal 
observation of eight cases, with five autopsies, of acute leukemia. 
The author worked in Kovae’s clinic and Weichselbaum’s path- 
ological institute in Vienna, and in conjunction with the special 
study of his cases, has gone through all the literature bearing 
on the subject, so that his work is very complete. An excellent 
bibliography, arranged alphabetically, is to be found at the end 
of his paper. There are no illustrations. The rare opportunity 
that Herz has had to follow so many cases to their end makes 
his monograph of importance to all hematologists. 


Veningitis, Sinus Thombosis, and Abscess of the Brain. By 
Joun Wyte, M.D. Price, $3. (New York: Paul B. Hoeber, 


1911.) 


This book is the outcome, so it appears, of reading rather 
than of personal experience, and so lacks exactness and authority. 
\fter looking through certain portions of the symptomatology 
one is confused by the absence of any clear cut figure of the 
disease presented. Had the author studied other literature be- 
side the current English magazines he would have written a 
more valuable work. In his bibliography there are but very few 
references to foreign sources. 


Lliments @ Anatomie Pathologique. Par le Dr. L. (Paris: 
G. Steinheil, 1910.) 

The real workers in pathology who are interested in knowing 
the modern French point of view on the elements of this study 
will be glad to have this work. It is mainly intended for students 
preparing for their examination in this branch of medicine in 
France and so is intensely practical, all theory and controversy 
being rigidly omitted. It is illustrated, but for the most part 
the drawings are not so good as we are accustomed to in our 
American text-books. It is a concise work of about 550 pages, 
with the defects inherent to its presentation and purpose—that 
of serving as a book with which to pass an examination. Writ- 
ten with this end in view, however, it is excellent, and far bet- 
ter than most of its kind. 


The Diseases of Infants and Children. By Epmunp Cavut.ey, 
M.D. (Cantab.), F.R.C.P. (Lond.), Senior Physician to 
the Belgrave Hospital for Children, etc. Price, $7. (New 
York: Paul B. Hoeber, 1910). 


It is difficult for general text-books to keep apace with the 
additions which are constantly being made to the knowledge of 
diseases of children. The writer of the treatise before us has 
succeeded in a large measure in collecting into one volume a dis- 
cussion of the various ailments to which children are heirs. 
While the announced object to “ describe the conditions in such 
detail as to render further reference to other works unnecessary, 
except in the case of unusually rare diseases, has not been fully 
realized,” the volume is of interest for the inclusion of an 
account of many rare conditions generally omitted in text-books. 
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The book is, in fact, a short system in pediatrics, and will be 
found particularly valuable as a book of reference. 

The impression is given in reading the pages of a carefully 
prepared summary of the literature but little influenced by the 
results of the writer’s large clinical experience. 

Naturally some errors have crept in, as, for example, where 
on page 49 the globules of cow’s milk are said to be 10-15 times 
as large as those of human milk. 

The condemnation, page 51, of laboratory methods in milk 
modification for the reason that “some babies do badly because 
of a too low percentage of protein or of fat” is hardly fair toa 
system which seeks to carry out strictly the physician’s orders. 

In the discussion of the diarrheal diseases the reference to the 
various bacteria, which may play a part in many cases, is inade- 
quate, and the statement that ileo-colitis can only be differ- 
entiated from infective diarrhea by the anatomical changes 
after death, page 289, is misleading, as the pressure of blood 
and pus in the injecta indicates in most instances an inflamed 
or ulcerated bowel wall. 

A comparatively large portion of the work is devoted to the 
consideration of the malformations and congenital defects, and 
rarer pathological conditions, particularly of the nervous 
system. 

The final section contains a brief but satisfactory reference 
to the more important affections of the eye, ear and skin. 

The treatise as a whole places a valuable text-book in the 
hands of the advanced student and physician. The publisher's 
part is well done. One wishes, however, that the size and weight 
of the volume had been lessened by thinner and lighter paper. 

J. H. M. K., Jr. 


1000 Surgical Suggestions: Practical Brevities in Diagnosis and 
Treatment. By Watrrer M. Brickner, B.S., M.D., ete. 
Fourth American Edition. Price, $1. (New York: Surgery 
Publishing Company, 1911.) 

The popularity of this work is an unfortunate index of the 
mental attitude of a large number of surgeons, who expect to 
learn surgery by simple rules rather than by a thorough ground- 
ing in the science. If such books find readers and publishers, 
this one can be recommended as giving what is apparently 
wanted by many. 


Report from the Pathological Department, Central Indiana Hos- 
pital for Insane. Vol. Il, 1906-07, 1907-08; Vol. III, 1908-1909. 
(Indianapolis: Wm. B. Burford, Contractor for State Print- 
ing and Binding.) 

One of the best evidences of the advance in medical education 
and improvement in hospitals of all sorts is the recognized value 
of the pathologist to all institutions treating the sick; and it is 
a noteworthy fact that the insane hospitals throughout the 
country are now appointing pathologists on their staffs, and 
publishing annual reports from the pathological and clinico- 
pathological departments. Every endeavor of this nature is 
worthy of commendation and imitation: and the publication 
of the above reports will help all the physicians in Indiana and 
elsewhere who are awake and eager to seize the opportunities 
for instruction that are afforded them. They may not have 
many readers, but capable young physicians will be more 
attracted to look for situations in the State hospitals if they 
know their work is to be supported by pathological investiga- 
tions; and the present residents will be kept up to a higher 
level of work. It is only the dullest interne—and he should 
not have the position—who is not interested when he is able 
to secure an autopsy on a patient who has been under his ob- 
servation. In addition to this the accumulating value of path- 
ological reports on autopsies among the insane is very great, 


| | 
| 
| 
| 
| 
| 


138 JOHNS HOPKINS 


even when the findings may be to use the common but very 
poor expression “ negative.” These two volumes contain much 
of interest to alienists, and physicians in hospitals for the 
insane, both on the elinical and pathological aspects of the 
work in the Central Indiana Hospital, and we are glad to note 
that the third volume is twice as large as the second, showing 
how well the staff has made use of its material. We hope that 
Dr. Edenharter, the superintendent, will be able to continue to 
secure the needed aid from the State legislature to pursue the 
work already so well begun. 


Disease in Bone and its Detection by the X-Rays. By Epwarp 
W. H. Suentron, M.R.C.S., ete., with Illustrations. Price, 
$1.60. (London: Macmillan & Co., Ltd., 1911.) 

This is a useful little monograph, with some beautiful X-ray 
photographs to illustrate the text. The author has not attempted 
to write a text-book in any sense of the word, but only to give 
a few points on the appearance and differential diagnosis, as 
seen by means of the X-rays, of the following conditions: Infla- 
mation in Bone, Tubercular Disease, Osteo-Arthritis, Growth in 
Bone, and Osteo-Malacia. For students beginning to work with 
the X-rays this brief manual should prove distinctly helpful. 


A Manual of Practical Inorganic Chemistry Including Prepara- 
tions and Qualitative and Quantitative Analysis with the 
Rudiments of Gas Analysis Specially Adapted to Cover 
Preliminary and Intermediate University Courses and the 
First Three Stages of the Syllabus of the Board of Education. 
By A. M. Kettas, B. Se. (London), Ph.D. (Heidelberg). 
Lecturer on Chemistry at the Middlesex Hospital Medical 
School, Formerly Examiner in Chemistry to the Conjoint 
Board of the Royal Colleges of Physicians and Surgeons. 
(London: Henry Frowde, Oxford University Press, 1910.) 

Introduction to Practical Organic Chemistry Including Quali- 
tative and Quantitative Analysis and Preparations with a 
Special Appendic on the London University Syllabus, and 
Schemes of Analysis for Stages 1 and 2 of the Board of 
Education Syllabus. By the same author and from the 
same publisher. Ozford Medical Publications. 


As the title and contents show, these volumes, like many of 
the English text-books, are chiefly designed to prepare students 
for certain examinations. They are a mixture of specialized 
text-book and specialized laboratory manual, differing in arrange- 
ment from books in use in other countries. The books are weil 
written and the student preparing himself for the specified ex- 
aminations by their help should acquire much knowledge of 


the subjects. E. R. 


New Series, No. 41. Scientific memoirs by Officers of the Medica! 
and Sanitary Departments of the Government of India. 
Quinine and Its Salts: Their Solubility and Absorbabiliiy. 
By Caprratin A. C. MAcGiicurist, M.D., I. M.S., ete. Price, 
(Calcutta: Superintendent Government Printing. Indiu. 
1911.) 

This is not simply a chemical study of quinine and some of 
its salts, but a report rather on their physiological aspects, and 
deals with their proper administration in cases of malarial 
fever and amebic dysentery. The results found by Dr. MacGil 
christ are, in large part, drawn from experiments on guinea 
pigs, but this does not vitiate their importance. As the correct 
dosage of quinine for patients suffering severely from malaria 
is always somewhat problematical, this contribution is helpful 
in explaining why quinine and its salts do not always act as 
we should like them to do. 
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New Series, No. 42. Part I. The Cultivation of the Bacillus of 
Leprosy and the Treatment of Cases by Means of a Vaccine 
Prepared from the Cultivations. By Masor C. R. Rosr, 
I.M.S. Part II. The Cultivation of the Leprosy Bacillus. 
By Carrain T. S. B. Witiiams, M.B., I. M.S. Price, 94. 
(1911.) 


The cheapness of these important publications is one of their 
striking features, and makes it possible for all students to own 
such of them as they desire. The reports are usually short and 
well condensed, so that readers are not obliged to wade through 
pages of matter that, as so often happens, had better have been 
omitted. Here we have a distinct brief statement of the findings 
of Major Rost and Captain Williams, and their studies will be 
read with interest by the many bacteriologists who are at 
present very busy in working out the various problems in rela- 
tion to leprosy. 


The Eaperimental Chemotherapy of Spirilloses. By 
Enruicu and S. Hara. Translated by A. Newsoip and Re- 
vised by Rorert W. Ferxrn, M.D., ete. Illustrated. (New 
York: Rebman Company, 1911.) 


This work, a small volume of 160 pages, comprises several 
sections. That by Hata, “ Experimental Basis of the Chemo- 
therapeutics of Spirilla,’ is a presentation of the results of a 
masterly piece of work which from the standpoint of description 
of method employed, for exactness, clearness and conciseness 
of expression, and for the clear cut nature of the proof brought 
forward, can well be held up as a standard to be attained by 
other writers in the field of chemotherapeutics. 

The effects of various dye substances and of numerous arseni- 
‘als on experimental relapsing fever in mice and spirillosis in 
fowls is considered, as well as the treatment of syphilitic kera- 
titis and syphilis of the scrotum in rabbits. 

Interesting reports on the action of salvarsan on _ the 
spirochata pertenuis in the animal body by Henry J. Nichols, 
(New York), on the chemotherapy of relapsing fever by Iversen 
(St. Petersburg), and on cases of relapsing fever treated in the 
Cairo Infectious Hospital by Dr. Bitter and Dr. Dryer (Cairo), 
are valuable and interesting additions. 

Ehrlich in the “Concluding Remarks” deals in a charming 
manner with the development and progress of the work which 
he has been directing for years. He also considers the chemistry 
ot dioxydiamido-arsenobenzol, the chemotherapy of trypanosome 
diseases, methods and technique in the practical testing of drugs, 
results obtained in chemotherapy and the outlook for future 
progress. 

This book can be heartily recommended to laboratory workers 
interested in experimental therapeutics and to all students of 
L. G. R. 


medicine. 


Common Disorders and Diseases of Childhood. By Grorere Frep- 
erick Stitt, Professor of Diseases of Children, King’s Col- 
lege, London, etc. Second Impression. (London: H. Frowde. 
Oxford University Press, 1910.) 


This useful work is not intended to be an exhaustive treatise 
of all the morbid conditions occurring in childhood, but is rather 
a terse and interesting account of the more usual ailments 
which have come under the writer’s notice in a remarkably 
large and varied clinical experience. In a measure the book 
makes available to a larger number of students and physicians 
than could afford in person the bright and sensible clinical 
teaching for which the writer is so well known. Any one read- 
ing the pages must wish to be able to come under the personal 
instruction of so wide-awake and interesting a diagnostician and 
teacher. 
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With this understanding of the nature of the book and the 
method of its preparation it is invidious perhaps to criticise 
or to suggest that references to the work of others, particularly 
to investigations outside of England, are rarely given. 

The first six chapters are largely devoted to a discussion of 
infant feeding. The importance of breast nursing is, of course, 
emphasized, and the resources that are at hand to render a 
given mother’s milk more digestible for her child are carefully 
enumerated. 

The methods of modifying cow’s milk for the infant are 
eminently practical, although they might be considered old 
fashioned and inaccurate by more radical advocates of “ per- 
centage feeding.” 

One misses any allusion to the caloric needs per given weight 
of the infant, and the danger from carbohydrate and fat injury 
receiving at present so much attention abroad almost escapes 
comment. 

The writer warmly advocates the boiling or better pasteuriz- 
ing of milk for infants during the hot season. This view pre- 
dominates in America. 

The tartrated whey made from precipitating the curd with a 
minimal amount of tartaric acid, is cheap and has been found 
serviceable in many cases. It deserves wider use in this country. 
The use of condensed milk and other patent foods for long 
periods is properly condemned on the basis of long clinical 


experience. 

The chapters on rickets and scurvy are richly suggestive, al- 
though the theory that the use of some cereal may be the chief 
cause of rickets is hardly tenable, and the relation of impure 
air to rickets is underestimated. 


Personal Hygiene and Physical Training for Women. By Anna 
M. Galbraith, M.D. Illustrated. 1911. S8vo. 371 pages. W. 
B. Saunders Company, Philadelphia and London. 


Vaginal Celiotomy. By S. Wyllis Bandler, M.D., with 148 
original illustrations. 1911. 8vo. 450 pages. W. B. Saunders 
Company, Philadelphia and London. 


State Board Questions and Answers. By R. Max Goepp, M. D. 
Second edition, thoroughly revised. 1911. Svo. 715 pages. 
W. B. Saunders Company, Philadelphia and London. 

A Text-book of Surgical Anatomy. By William Francis Camp- 
bell, M.D. Second edition, revised with 319 original illus- 
trations. 1911. Svo. 675 pages. W. B. Saunders Company, 
Philadelphia and London. 


Principles and Practice of Modern Otology. By John F. Barn- 
hill, M.D. and Ernest de Wolfe Wales, B.S.. M.D. With 
514 original illustrations, many in colors. Second edition, 
thoroughly revised. 1911. S8vo. W. B. Saunders Company, 
Philadelphia and London. 

Diagnostic and Therapeutic Technic. A Manual of Practical 
Procedures Employed in Diagnosis and Treatment. By Al- 
bert S. Morrow, A. B., M.D. With 815 illustrations, mostly 
original. 1911. 8vo. 775 pages. W. B. Saunders Company, 
Philadelphia and London. 

A Treatise on Diagnostic Methods of Examination. By Prof. Dr. 
Hermann Sahli. Edited, with additions, by Nathaniel Bow- 
ditch Potter, M.D. Second edition, revised. Authorized 


translation from the fifth revised and enlarged German 
edition. 1911. Svo. 1229 pages. W. B. Saunders Company, 
Philadelphia and London. 
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In the discussion of scurvy the value of the classic orange 
juice, which certainly is curative, receives scant mention. 

The chapter on colic, including the diagnosis and treatment 
of its various forms, will prove helpful to many readers. 

The relation of certain obscure ailments in older children to 
dental caries is given the prominence it deserves. 

In the perplexing group of diarrhwa! disorders the writer 
is careful not to make any fine distinctions. The significance 
of blood and pus in the dejecta, indicating usually an ulcerated 
condition of the bowel, is not sufficiently emphasized, and the 
statement that there are very few cases of infantile diarrhea 
in which the use of opium is not indicated might be misleading. 
Certainly in many cases it is contraindicated. 

The discussion of the rheumatic affection of children, a con- 
dition perhaps more prevalent in England than elsewhere, is 
particularly clear and helpful. Attention is called to the im- 
portance of recognizing as rheumatic many vague muscular 
pains, of looking carefully and at the right places for the fibroid 
nodules as well as to the frequent affection of the heart. 

The various nervous and mental abnormalities of children 
receive rather extended consideration in the closing chapters. 
One would like perhaps to find a somewhat fuller description of 
the fundamental pathological findings in these and other condi- 
tions. This is, however, not the writer’s intention. It is rather 
to confide to the reader the kind of diseases which for many 
years have been coming under the care of a skillful observer, 
and to outline what therapeutic measures have proved in his 
hands most effective in their treatment. In accomplishing this 
endeavor an exceedingly interesting and valuable treatise, if 
not a profound one, on the common disorders of childhood has 


been placed at the disposal of the profession. J. H. M. K., Jr. 


A Hand-book of Practical Treatment. By Many Writers. Edited 
by John H. Musser, M.D. and A.O.J. Kelly, A.M., M.D. 
Volume II. 1911. S8vo. 865 pages. W. B. Saunders Com 
pany, Philadelphia and London. 


Eniargement of the Prostate, its Treatment and Radical Cure. 
By C. Mansell Moullin, M.D. Oxon., F.R.C.S. Fourth 
edition. 1911. S8vo. 176 pages. P. Blakiston’s Son & Co., 
Philadelphia. 


What Shall I Eat? A Manual of Rational Feeding. By F. X. 
Gouraud. With a Preface by Prof. Armand Gautier. Only 
authorized translation into the English language by F. J 
Rebman. 1911. 12vo. 379 pages. Rebman Company, New 
York. 

The Anatomic Histological Processes of Bright's Disease and 
Their Relation to the Functional Changes. Lectures de- 
livered in the Russell Sage Institute of Pathology, City Hos- 
pital, New York. During the Winter of 1909. By Horst 
Oertel. Illustrated. 1910. Svo. 227 pages. W. B. Saunders 
Company, Philadelphia and London. 


The Experimental Chemotherapy of Spirilloses (Syphilis, Re- 
lapsing Fever, Spirillosis of Fowles, Frambesia). By Paul 
Ehrlich and S. Hata. With Contributions by H. J. Nichols, 
J. Iversen, Bitter, and Dreyer. Translated by A. Newbold, 
and revised by Robert W. Felkin, M.D., F.R.S.E., ete. 
With 34 tables in the text and 5 plates. 8vo. 181 pages. 
Rebman Company, New York. 

Transactions of the College of Physicians of Philadelphia. Third 
series. Volume the thirty-second. 1910. S8vo. 442 pages. 
Printed for the College, Philadelphia. 
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Vew and Non-oficial Remedies, 1911. Containing Deseriptions of 
the Articles which have been Accepted by the Council on 
Pharmacy and Chemistry of the American Medical Associa- 
tion, Prior to Jan. 1, 1911. I2mo. 282 pages. Press 
of the American Medical Association, Chicago. 

Ncientific Memoirs Vew Series, No. 39. By Officers of the Medi- 
cal and Sanitary Departments of the Government of India. 
The ipplicability to Medico-Legal Practice in India of the 


Biochemical Tests for the Origin of Blood-stains. By Lieut.- 
D M.B., I. 
Superintendent Government Printing, Calcutta, India. 


Colonel Sutherland, M.S. Fol 


pases 


Scientific Memoirs. New Series, No. 4#. By Officers of the Medi- 
cal and Sanitary Departments of the Government of India. 
The Destruction of Fleas by Exposure to the Sun. By Cap- 
tain J. Cunningham, M.D., I. M.S. 1911. 1°, 27 pages. 


Superintendent of Government Printing, Caleutta, India, 


M.D. 


pages. 


W. Ware, 


12 mo 


Martin 
1911, 
York. 


Plaster of Use It. 
Second edition, revised and enlarged. 
Company, New 


Paris and How to By 


Surgery Publishing 
the 
Address Delivered to the Clinical Society of Manchester, 
By Edred M. Corner, M. A., M.C., F.R.C.S. 
John Bale, Sons & Danielsson, London. 


A Text-book of Medicine. By Dr. Adolf V. 

American edition translated by permission from the seven- 
German edition. With editorial notes, 
additional and a section on mental by 
Herman F. Vickery, A. B., M. D. and Philip Coombs Knapp. 
With six plates, three of which are in color, and two hun- 


Life, History, Function and Inflammation of ippendix. 
An 
January, 1911. 


L911. 


The 
Svo. 23 pages. 


Striimpell. Fourth 


teenth revised 


chapters, diseases 


dred and twenty-four illustrations in the text. Two volumes. 
1911. D. Appleton and Company, New York 
London. 


SVO. and 


Chemistry of Food and Nutrition. Henry C. Sherman, Ph. D. 


193i. 13°. The Macmillan Company, New York. 


By 
355 pages. 


Scientific Memoirs, New Series, No. j1. By Officers of the Medical 


and Sanitary Departments of the Government of India. 
Quinine and its Salts: Their Solubility and Absorbability. 
By Captain A. C. MacGilehrist, M.A.. M.D., M.R.C.P., 
I.M.S. 1911. 4to. 46 pages. Superintendent Government 
Printing, India. 


Scientific Memoirs, New Series, No. }2. By Officers of the Medical 


and Sanitary Departments of the Government of India. 
Part lL. The Cultivation of the Bacillus of Leprosy and the 
Treatment of Cases by Means of a Vaccine Prepared from 
the Cultivations. By Major E. R. Rost, I.M.S. Part II. 
The Cultivation of the Leprosy Bacillus. By Captain T. 8S. 
B. Williams, M.B., I. M.S. 1911. 4to. 25 pages. Superin- 
tendent Government Printing, India. 

Veningilis, Sinus Thrombosis and Abscess of the Brain, With 


Appendices on Lumbar Puncture and its Uses, and Diseases 


of the Nasal Accessory Sinuses. By John Wyllie, M.D. 
[1910.] Svo. 258 pages. Paul B. Hoeber, New York. 

Disease in Bone and its Detection by the X-rays. By Wdward 
W. H. Shenton, M.R.C.S., Eng. L.R.C.P., Lond. With 
illustrations. 1911. S8vo. 72 pages. Macmillan and Co., 
Limited, London. 

Central Indiana Hospital for Insane. Report from the Patho- 
logical Department. Volume II. 1906-07, 1907-08. Volume 
Ill. Fiscal year 1908-1909. Svo. 1910. Indianapolis. 


Transactions of the American Pediatric Society. Edited by Lin- 
naeus Edford La Fétra. Volume XXII. 1910. S8vo. 38 
1911. Reprinted from the Archives of Pediatrics, 


E. B. Treat & Co., New York. 


pages. 
1910-1911, 
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The Medical Diseases of Children. By Reginald Miller, M.D. 
(Lond.), M.R.C.P. 1911. Svo. 541 pages. John Wright 


and Sons, Ltd., Bristol; Simpkin, Marshall, Hamilton, Kent 


& Co., Ltd., London. 

St. Luke’s Hospital. Medical and Surgical Reports. Volume II, 
1910. Svo. 253 pages. Frank B. Howard, Poughkeepsie, 

1 Monoyraph of the Anopheline Mosquitoes of India. By S. P. 
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